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Inetlon 

the first instance, I should like 
nk the President and the corn- 
members of the Bristol branch 
: Royal Aeronautical Society for 
vitation which they have extend- 
me to speak here on rotating 
aircraft 

^ndly, I uke this opportunity of 
ing Captain Liptroc, of the 
^, for a film on helicopters 
he kindly lent, and which will 
3wn later in the evening, and 
le Bristol Aeroplane Co. for cer- 
lata and information which they 
made available for this lecture, 
warding the subject of the lecture, 
;t confess I am faced with con- 
ble difficulties. Great advances 
been made in the last few years 
r rotating wing field, and today 
t embraces practically all branches 
encc. 

elieve I am not making an over 

lent when I say that tne rotary 

today is a much bigger and more 

licated subject than the fixed 

There is hardly one aspect of 

Ked wing, which does not equally 

perhaps in a slightly modified 

apply to the rotating wing. But 

le other hand, there exist now a 



thousand and one headaches of the 
rotating wing variety, which the de- 
signer of fixed wing aircraft is very 
formnate to miss altogether. 

In deciding on tonight's subject, I 
had therefore the choice between a 
detailed analysis of a specific aspect 
of the rotating wing development, and 
a more general talk which, however, 
necessarily can only touch the fringe 
of the numerous problems. 

I have been advised that the second 
course, that is a more general and 
popular discussion, would be the more 
appropriate one^ as the majority of the 
audience is not likely to be sumacntly 
closely connected with this develop 
ment to be interested in intricate teen- 
nical details. 

General Principlea of Rotating 
Wing Flight 

There are several forms of rotating 
wings which permit aerodynamic 
flight, but in tonight's discussion I 
have in mind only wings rotating in 
free air about a substantially vertical 
axis, and producing a force along diis 
axis which is directly utilised to over- 
come gravitational and inertia forces. 
One or more such, wings rotating 
about a common axis form a rotor, 
and the surface swept by the wings is 



^ For printing purposes the Greek symbols within the text are 

reproduced in italics. 
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known as the rotor disc. Let us at 
nrst consider the simple case of flight 
along the axis of rotation, or vertical 
ascent This is the case of the pro- 
peller. We have a number of blades 
of suitable aerodynamic shape moving 
through air, due to their rotation about 
their conunon axis and their linear 
velocity along this axis. Ptopeller 
blades produce a steady lift which is 
a function of: — 

(i) The size and shape of the blades. 

(2) Their incidence relative to the 
rotor disc. 

(3) Their rotational velocity. 

(4) Their axial velocity. 



The lift, and this is important, does 
not depend on tl)e position of the 
blade in the plane of rotation, ot* on 
the blade Azimuth. 

The picture, however, changes if an 
additional velocity component is intro- 
duced, that is one in the plane of 
rotation. 

To illustrate this, let us consider a 
rotor without axial velocity, but with 
a velocity component in tne plane of 
rotation (Slide i.) 

In this form of flight, the Azimuth 
position of the blade is an important 
tactor governing blade lift It is 
easily seen that, on one side of the 



DIRECTION OF ROTATIOM. 
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rotor disc, where the blade may be 
said to be advancing relative to the 
rotor hub, the resultant velocity of the 
blade will be greater than that on the 
side of the disc where it is retreating. 
Thus we have here a cyclic change of 
speed. Unless, therefore, special ar- 
rangements are being made, this vari- 
able speed would result in a concen- 
tration of lift on the advancing side 
of die rotor, and consequently an 
undesirable rolling moment. 

Quite apart from this there would 
be severe vibrations due to the cyclic 
lift change in the blades, which could 
not be tolerated. 

A number of schemes have been 
proposed to overcome this difficulty. 
In the first instance, it would appear 
that the cyclic change of resultant 
blade velocity could be avoided, at the 
outset, by arranging for a cyclic vari- 
ation of the rotational velocity of the 
blade, so that when advancing the 
blade would have a smaller angular 
velocity than when retreating. 

Such cyclic change of angular vel- 
ocity would involve, however, angular 
accelerations, which can be shown to 
be excessively high, and the solution 
of die problem in this form seems, 
therefore, unlikely. 

Other schemes assume constant 
angular blade velocity, and consequent- 
ly a cyclic changing blade velocity in 
forward flight, but propose to com- 
pensate by means of a cyclic change of 
other blade parameters governing lift. 

Alternatively one could think of a 
variable blade area, or a telescoping 
blade, which would be retracted on the 
advancing side and extended at the 
retreating side. The technical diffi- 
culties of such arrangements, however, 
can be easily visualised. They are 
obviously impractical. 

The next possibility is the cyclic 
variation of blade incidence. This is 
termed " cyclic blade feathering ", and 
is of great practical imporunce, having 



been adopted in most modern rotary 
wing aircraft 

Its main advantage lies in the fact 
that only a few degrees of incidence 
change are necessary to supply the 
required compensation. This is per- 
formed by oscillating the blade about 
its longitudinal axis, which is char- 
acterised by a comparadvely small mass 
moment of inertia. Hence, compen- 
sation by means of blade feathering 
involves only small inerda forces. 

Another form of compensadon is 
obtained through blade flapping. In 
this case the blade is articulated at the 
root, to enable it to oscillate, or flap, 
in a plane at right angles to the plane 
of rotadon. The tip of the blade has 
therefore, apart from its rotational 
speed a cyclic velocity component at 
right angles to it. (Slide 2.) 

From this diagram it will be seen 
that, whilst the blade incidence re- 
mains constant, the effective angle of 
attack is decreased when the blade has 
a positive or upward flapping velocity, 
and alternatively it is increased when 
die flapping velocity "y" is down- 
wards. We see, therefore, that blade 
flapping in forward flieht performs the 
same function as blade feathering. 
Both arc, in fact, identical in aero 
dynamic respects. 

To sum up, the feathering blade 
reaches a minimum incidence at die 
advancing side, and a maximum at the 
retreating side. At the fore and aft 
positions the incidence is at an average 
value. 

In order to achieve the same object, 
the flapping blade must have a maxi- 
mum upward velocity at the advancing 
side, and a maximum downward velo- 
city at the retreating side. At the 
fore and aft positions the flapping 
velocity is nil. 

The maximum positive, or upward, 
flapping displacement, however, occurs 
forward of the rotor, and the maxi- 
mum downward flapping displacement 
is aft of the rotor hub. 
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I would like to add that this blade 
flapping in forward flight is quite an 
automatic movement — in no way con- 
trolled — so that articulated olades 
which are free to flap, automatically 
retain the equilibrium of lift in the 
rotor within a considerable speed 
range, and tend to suppress rotor 
vibrations. 

Flapping blades have, however, 
another important property. During 
rotation the blade is subject to a con- 
siderable centripetal acceleration, caus- 
ing a centrifugal inertia force. 

In conventional designs this centri- 
fugal force acting on die blade is 
approximately 12 times die blade lift. 

Hie articulated blade will diereforc 
assume a position of equilibrium where 
lift, centrifugal and centripetal forces 
are in balance. 

This will be die case when the angle 
between the plane of rotation and me 
longitudinal axis of the blade, is 
approximately i in 12, or about 5^. 
This angle is termed the "coning 
angle" of the rotor, and the surface 
swept by articulated blades is therefore 
a very flat cone. 

The important feature in this ar- 
rangement is the avoidance of bending 
moment at the blade root, and even a- 
.other points of the blade; the resultanv 
bending moment is only of negligible 
proportions compared with that of a 
straight cantilever blade. This feature 
permits slender and, acrodynamically, 
very efficient blades, and has been the 
main reason for its almost universal 
adaptation in contemporary rotating 
wing design. 

Indeed, this method of reducing 
bending moments due to blade lift 
has been extended to blade drag, 
which is intimately connected with lift, 
and we find tooay, in rotary wing 
practice, fully articulated blades which 
are not only free to flap, but are also 
free, to a certain extent, to oscillate 
individually in the plane of rotation. 



These oscillations are termed " drag 
oscillations'*, and the operative hinges 
are called "drag hinges*'. 

The Aero-Dynamiea of the Rotor 

The aero-dynamics of the rotor are 
considerably more compUcated than 
those of the fixed wing, tor the f<dlow- 
ing reasons : — 

In the study of the air forces on the 
fixed wing, it has been found expedi- 
ent to regard the wing as stationary, 
and to observe the pattern of the air- 
flow and the forces around it. Hie 
essence of this procedure is, that we 
are dealing with a static problem, and 
are concerned only with the compon- 
ents of space and force. There is not 
involved — and this is important — a 
variation in respect of time. 

The theory of the potential flow, 
as well as the wing theory concerned 
with the lift over a finite span, are 
based entirely on this conception. The 
picture developed in these theories 
represents the static equilibrium of 
forces which is obtained once the wing 
has been in a certain attitude for a 
length of time, and there are no more 
changes with respect to time. 

But for the rotor, such a conception 
is strictly not permissible. Consider 
in the first instance, the potential flow 
around the aerofoil. 

The blades in their flight through 
air carry out a composite movement, 
consisting of rotation and translation. 
The resultant air speed, angle of 
attack and circulation around the aero- 
foil, change rapidly with time. In the 
modern rotor this cyclic variation has 
a frequency of the order of four to five 
cycles per second, so that the rate of 
change of magnitudes in respect of 
time is considerable. 

A certain amount of investigation in 
this direction has been carried out in 
connection with flutter problems, in 
order to provide the necessary aero 



12 



dyaamic derivatives for the dynan 
equadom, but there remains sdll 
good deal to be done. 

I would have liked to sav mc 
about this interesting subject, Dut un- 



from the boundary layer, which is fed 
by inflowing air from b«xh sides of the 
rotor diac. 



fortunately time doesn't permit, and 
10 I confine myself to 



We have today, for aerofoils, such 
data as the change of lift and drag 
widi respect to speed, or with respect 
to incidence, or to Reynolds numbers, 
but for the rotor blade, in addition to 
this, the changes of air force in respect 
of V. or a. and a., arc of importance, 
that is ; — 



The work invtdved in this move- 
ment of air is very considerable, and all 
conditions of flight connected with 
few observ- pitch settings close to zero are, there- 
fore, materially affected by this radial 
flow. 



The next item on the list of specific 
rotor problems is the fact that rotary 
wing aircraft, slow though they a 



the eyei of the pilot, fly really exceed- 
'ngly fast. Wiui this I mean that, in 
noaern designs, the wing surface sup- 



^ . iSt 



ait, 



Until we know more about these 
derivadves we cannot, with confidence, 
attempt rotor calculations. 

Let us consider next the air space 
close to the aero-foil, which is known 
as the boundary layer. 

Skin friction comes from the shear- 
ing of air within this boundary layer, 
and is the result of the rate at which 
momentum is exhausted from this air. 
This layer is trailed behind the fixed 
wing as a turbulent wake, and once it 
has passed the wing — has no further 
effect on the aircraft. 

This is not so in the rotor blade. 
Here the air, as soon as it loses 
momentum, becomes subject to centri- 
fugal force, which moves it radially 
away from the centre of the rotor. 

In addition to this, when the pitch 
setting of the rotor is close to zero, 
the wake of the blade is cut by the 
following blades, which amplifies the 
effect that I have just mentioned. 
This phenomenon can be studied in 
practice on any helicopter ot autogiro 



At zero pitch there is a very power- 
ful radial fiow in the plane c^ rotation 
of the rotor, consisting entirely of an SLIDE No3 



porting the main weight of the aircraft 
moves at a rate of anything between 
500 and 700 fr/sec. 

This is a speed range where aero 
elasticity already plays an important 
part, and the design of the blade tip, 
from the point of view of flutter, as 
wed as performance at these high 
speeds, requires special consideration. 

To complete the list of rotary prot 
lems (which appear to be problems 
which have the habit of indefinitely 
turning up again and again) we come 
M consider the induced flow. 

'Hie calculation of the induced flow 
of a rotor in vertical ascent is relatively 
simple. It is similar to that of the pro- 




)K:tlcr, which is well established, and 
the formulae which have been evulvcil 
fur the propeller, equally apply to th; 
rotor. 

Tlic induced How (or this flight case 
can be seen on the diagram. (Slide 3.) 

The picture becomes, however, very 
different for other modes of flight. 

The propeller Vorlcx theory breaks 
down already in the case of the hover- 
ing rotor. The strip theory, and the 
assumption of the induced velocity at 
th: actuator disc being half of that in 
the vena rontracta, is not valid any 
longer. The induced flow for the 
hovering helicopter is shown by this 
diagram. (Slide 4.) 




Kmpirical extensions of iht propeller 
Vortex theory, with limited validity, 
have b;cn made, but wc arc still in 
need of a satisfactory theoretical in- 
vesligati<m on this mode of flight. 

The picture liccomts still more com- 
plicated when we enter into ibe Vortex 
rinj; state. The rotor is m this con- 
dition of flight when the direction of 
the flow, passing through the actuator 
disc, is opposite to that of the outer 
air flow. The flow pattern for this 
case is shown in this slide. (Slide ^.) 

Wc set here that the infinite slip 
stream has disappeared, and is replaced 
by a Vortex ring of air which com- 
pletely envelops the rotor, atul the 
uutiT laminar flow passes arouiid this 




tact 



vith th. 



vithout coming i 
rotor itself. 



There is, however, no clear demark- 
ation between the outer air and that 
forming the Vortex ring. Considerable 
turbulence is in evidence, and there 
seems to be a continuous exchange of 
air between these two regions, result- 
ing in a transfer of energy from the 
Vortex ring to the outer air. Such a 
transfer is, of course, essential for 
fundamental reasons, as otherwise the 
velocity of the finite mass of air within 
the Vortex ring, which coniinuouily 
receives momentum from the rotor > 
would increase to infinity. The form 
of this energy transfer, and its behav- 
iour, is therefore, a very iotercslioe 
study, and requires to be analysed 
before a more exact calculation of the 
induced flow in the Vortex ring state 
can be attempted. 



ring state is bounded by 
""' ' which I 



The Vortex 
two conditions. The first, 
have already mentioned, is the hover- 
ing condition. The other is the free 
wind-milling condition. In this con- 
dition the now through the rotor disc 
is nil, or in other words, the rotor 
behaves like a solid disc. 

There is a Vortex ring of smaller 
proportions immediately above the 
rotor. (Slide 6,) 




The charactcriitic feature of the 
wind-mtll-brake tutc, as distinct from 
the previous conditioiu of flight, is that 
energy is traiutnitted to the rotor from 
the air flow, passing through die disc. 
In other words, the rotor is receiving 
energy like a wind-mill. 

There is onu particular point in the 
wiod-mill-brake state which deserves 
special attention. 

Every rotating rotor absorbes a cer- 
tain atnount of power, which is ex- 
pended on the profile drag of the 

If, now, a point in the wind-ihill- 
brake state of tnc rotor is found, where 
the work extracted from the air flow 
passing through the disc is exactly 
equal to the profile work expended on 
the blades, then the rotor is maimained 
in rotation without any power passing ' 
through the mechanical rotor drive. In 
other words, the roKM- is free-wheeling, 
or is in auto-rotation. Hiii feature is 
employed in aircraft known as rota 
planes or aut^iros. The rotor of such 
aircraft is not power driven, but b 



auto-rotating in the manner which I 
have described. Hie rota-nlane repre- 
sents, therefore, one specific form of 
helicopter flight; one point, lo to say, 
on the line extending from the power 
driven rotor to the power receiving 
wind-null. 

The helicopter can consequently 
descend with its rotor in auto rotation, 
and without the use of engine, pro- 
vided appropriate adjustments have 
been made to the blade pitch. 

We come now to the induced flow 
in forward flight 



Going a step further, we enter into 
the wind-mill-brake state. (Slide 7.) 

In this condition the flow through 
the rotor disc is directed upwards, like 
diat of the outer air flow. There is 
still a small Vortex ring situated above 
the rotor which, however, diminishes 
as the speed through the rotor disc 
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Lift of the rotor originates, of course, 
along 'the blade, exacuy like along the 
span of a wing. 

We know, however, that the move- 



i blade 



a composite one, 



and speed, direction and circulation, 
change condnuously, with regard to 
place as well ai time. 

The Vortex sheet shed by such a 
blade is, therefore, necessarily of a com- 
plicated shape. 

This diagram perhaps gives a rough 
picture of its geometry. (Slide 8.) 

There is increased vorticily at certain 
points, due to the cyclic conditions to 
which the blade is subject, and these 
regions of increased vorticity arc left 
behind in die path of the aiVcrafi. 
similar, perhaps, to the Vortex pools 
from the oars of a moving rowing 
boat 
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There is usually more than one 
blade in a rotor, so that the Vortex 
sheet produced by a rotor is a pattern 
of N interwoven Vortex sheets, from 
N rotor blades. 

It will be appreciated that a rigorous 
analysis of such a complex configur- 
ation is impossible, and far going 
simplifications must be applied to this 
picture in order to make it amenable 
to mathematical treatise. 

Fortunately, there is a good deal of 
justification (as simplifying the picture. 
The blades in a modern rotor rotate 
at a high rate compared with the for- 
ward speed. 

This produces a tight pattern of 
coils formed by the Vortex sheets of 
the individual blades, which tends to 
level out the moving pattern in the 
Vortex sheet of the rotor. 

I'hus, the individual Vortices mov- 
ing down stream merge more or less 
into a continuous Vortex sheet, which 
is trailed bj the rotor as a whole, and 
which is acceptable to calculation. We 
make, therefore, the assumption, not- 
withstanding the fact that the lift 
originates from the rot6r blades, that 
it IS formed at the rotor disc as a 
whole, or simpler still, alone the lateral 
rotor diameter or span of me rotor. 

This assumption permits the calcu- 
lation of the induced flow in the span 
wise direction by the orthodox manner 
known in fixed wing design. As re- 
gards the fore and aft distribution of 
mduced flow, one assumes a slight 
curvature of airflow, which is con- 
firmed by experience. 

Having made allowance for the in- 
duced flow in this manner, the further 
calculations for the rotor blade itself 
are made on the assumption of two- 
dimensional-flow conditions. 

Let us now make a brief investi- 
gation into the aero dynamics of the 
blade. 

Wc have seen that a "blade element 
in forward flight is subject to speed 
variation, which depends on the ratio 



between forward speed and the speed 
component due to roudon. Thus, it 
varies direcdy with forward speed, and 
indirecdy with the rate of rotation, and 
the distance of the blade element from 
the rotor centre, i.e. the' smaller the 
radius the larger the speed ratio. 

We have seen that, in order to main- 
tain a constant lift throughout rotation, 
diis speed variation is compensated by 
a cycac change of angle of attack. As 
there is a larger speed ratio near the 
root than near the tip of the blade, it 
might be desirable to arrange for a 
larger cyclic change of blade incidence 
near the root than near the tip. This 
clearly means cyclic twisting of the 
blade, which for obvious reasons can- 
not easily be done. As a compromise 
arrangement, a mean cyclic change of 
incidence, which, is the same for all 
blade elements, is usually provided for 
by means of blade feathering or flap- 
pmg. This meets exacdy the require- 
ments of tbb most important portion 
of the blade around three quarters 
radius from the root, and all the other 
blade elements, inwards and outwards 
of this region, receive only an approxi- 
mate speed compensation. 

In order to meet the conditions for 
various ratios between forward speed 
and rotational speed of the rotor, the 
mean cyclic change of incidence can be 
varied oy increased or decreased blade 
feathering. Thus for instance, on a 
rotor moving at slow forward speed 
but at a hi^h rotational speed, the 
blade feadienng needed is very litde, 
whereas, on die other hand, consider- 
able feathering is required for a small 
and slow rotating rotor moving at high 
forward speed. From this it will be 
seen that, in a rotor in forward flight, 
the conditions in the rotor disc vary 
from point to point, i.e. with respect 
to radius as well as Azimuth, and 
analytical calculations for this reason 
tend to be rather cumbersome. How- 
ever, in order to obtain a convenient 
datum for performance calculations, 
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which do not involve analytical treat- 
ment, but are based on semi-empirical 
data, the definition " tip speed ratio *' 
has been found expedient. This is the 
ratio between the forward speed and 
the velocity component due to rotation 
of the blade tip, or, in mathematical 
fiennty the tip speed ratio is 

V_ 
Rw 

where V is the forward speed in 
the phne ot roudon, R the blade rad- 
ius, and w the angular velocity of the 
rotDf. 

I will show now that there are 
definite limits in the tip speed ratio 
of a rotor, beyond which satisfactory 
operation is not possible. 

Let us assume a rotor with a blade 
tip speed of 600 ft/sec, and in the 
hovering condition, an average lift co- 
efficient of u|. 

Take now diis same rotor at the 
focward speed of 225 ft/sec, or at a 
tip. speed ratio of 225/600, or .375. 
For die working portion of the blade 
at ^ radius the rotational speed com- 
ponent is ^ of 600-450 ft/sec., so 
that the sp^ ratio in this region is of 
the order of 225/450 which is ^. 

On the advancing side of the rotor, 
the resultant blade speed in the work- 
ing region is therefore lyi times its 
normal rotational speed, whereas on 
the retreating side it is only half of it. 
If no speed compensation was provided 
for, the lift on the advancing side 
would consequendy be 3 half squared, 
or nine quarter times diat of tne lift 
when hovering. In order to compen 
sate for this, me lift coefficient on the 
advancing side is reduced to four 
ninths of the original value, i.e. it is 
reduced from .4 to .17, whereas on the 
retreating side the lift coefficient will 
be 4 times that of the original value, 
or 1.6. 

A lift coefficient of 1.6 is a fairly 
high value for an aerofoil, which, in 



this condition, is probably near the 
stalling point. 

This brief analysis has shown, there- 
fore, that the tip speed ratio of .375 
has brought the working portion of the 
blade on the retreadns side close to 
stalling point. A further increase of 
tip speed rado is obviously not possible, 
and we may regard, tnerefore, this 
figure as a limidng value. Any further 
increase of forward speed can, there- 
fore, only be achieved by increasing 
the dp speed of the rotor proportion- 
ally, so that the tip speed rado remains 
at the value of .375, but, in the present 
case, the resultant speed of the blade 
dp on the advancing side is already 
about 600+225 ^^-y equalling 825 ft/sec. 
This velocity at sea level represents a 
Mach number of .73. We arc here, 
therefore, fairly close to a cridcal speed, 
in view of aero compressibility, so that 
we have, with 225 ft/sec. or 150 m.p.h., 
indeed come close to the maximum 
forward speed at which our helicopter 
can safely be flown. Exact investi- 
gadons, allowing for finesse in design, 
show that, with today's knowledge, wc 
could fly helicopters up to speeds of 
approximately 180 miles an hour. Be- 
yond such speeds there would be either 
stalling on the retreadng side, or alter- 
nadvelv, at the advancing blade dp, 
difficuldes due to aero elasdcity. 

Control of Rotary Wing Aircraft 

A few words now about control. 
The most general movement of a body 
in space is defined by its 6 degrees of 
freedom. 3 degrees of translational 
freedom of movement and 3 degrees 
of angular freedom of movement. 
Such a body can turn about all possible 
axes, and, quite independently from 
this movement, can trace any path in 
space. If such a body were controlled, 
its control would comprise at least six 
independent control components. How- 
ever, controlled flight is possible with 
less degrees of freedom, and therefore, 
not all of the 6 control components arc 
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necessary. As we require a minimum 
of one control for one dimensional 
movement, and 2 control components 
for two dimensional movement, so, by 
analogy, we require a minimum of 
three dimensional control components 
for movement in space. In the con- 
ventional aeroplane there are the 
throttle control, pitching control, and, 
as the third control, cither the Yawing 
or the rolling control. The throtdc or 
power control provides for linear 
acceleration along the longitudinal 
axis of the aircraft. The two other 
controls determine angular acceler- 
adons of the aircraft There remain, 
consequcndy, three degrees of freedom 
of movement, which are not independ- 
ent, but which, in one form or another, 
are coupled with the direcdy controlled 
movements. Thus, the aeroplane 
cannot, for instance, perform a rotation 
in pitch or roll, without these angular 
movements affecung the flight path, 
or, in short; into whatever direction 
the aeroplane turns, there it has to 20. 

I have spoken of either the rudder 
or aileron control as a minimum re- 
quirement for controlled flight. 

Convendonal aircraft, however, 
possess rudder and aileron control, and 
have thus four independent controls, 
and four degrees of freedom of move- 
ment 

There is, therefore, one redundant 
control above the absolute minimum 
which enables the aircraft to carry out 
assymetric flight manoeuvres. 

If rotating wing aircraft were re- 

auired only to possess the limitod 
egree of freedom of the aeroplane, 
the same controls would suffice. But 
the outstanding manoeuvrability of the 
helicopter is due to an aadidonal 
degree of freedom of movement, mak- 
ing five in all. 

The helicopter disdnguishes itself 
from the fixed wing aircraft by the 
fact that it is not forced to fly in the 
direcdon where its nose points. We 
have seen that the aeroplane, which 



;s rudder and aileron control, 
can already divorce rotadonal from 
transladona) movement. 

The helicopter in slow flight can 
move in any direcdon in space, with- 
out nodceabic change of atdtude 
relative to the ground. 

Tlie addidonal freedom of move- 
ment of the helicopter would not be 
possible without a nirther independent 
control component. This addidonal 
control component is the height con- 
trol, and determines the linear accder- 
adons in the verdcal axis of the air- 
craft The remaining controk of the 
helicopter are analogous to the respec- 
dve controls in the aeroplane, but Qiey 
are not quite idcndcal in operadon. 
The control components served by the 
control cdumn are, in the helicopter, 
termed the Azimuth control. In the 
low speed range they determine linear 
acceleradons in lateral and fore and aft 
direcdon. Therefore pulling the con- 
trol column back does not result in a 
climb, as one would think, nor pushing 
it forward in a loss of heinit, but 
merely in a change of speed in the 
horizontal plane. Only when hi^ier 
speeds are attained does the control 
ccrfumn effect movements in the verd- 
cal direcdon, like in the aeroplane. 

As I have already mendoned, 
rotary wing aircraft are required to 
operate at a speed range commencing 
at zero speed. It is, therefore, obvious 
that the convendonal type of control 
in the fixed wing aircratt, that is by 
means of adjustaole control surfaces, 
is unsadsfactory, as it would become 
inoperadve at zero flying speed. 

A variadon of this principle is 
obtained by udlising the induced air 
flow which is always present where a 
load is carried aero-dynamically. Al- 
though all possibilities of this nature 
are by no means exhausted, the general 
impression from the various attempts 
made is that the available air flow is 
not powerful enough to give effecdve 
control. The control suriEaces would 
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be rather large, and the control 
cumbcnome, so that apart, perhaps, 
from the control in yawing, the deflec- 
tion ot the slip stream of the rotor is 
unlikely to be used for the purpose of 
controlling the aircraft. 

A more important argument, how- 
ever, for not controlling roll and pitch 
in this way, is that this can be done, 
very much easier and more effectively, 
by the rotor itself. 

The rotor produces an aero-dynamic 
force carrying the entire weight of the 
aircraft, and this force lies along the 
axis of rotation. By moving the axis 
of rotation, and with it the rotor thrust 
relative to the aircraft, a very powerful 
control can be obtained, which is inde- 
pendent of any translational speed of 
the aircraft. The most elementary form 
of control, in this way, would be the 
shifting of the rotor bodily in its plane 
of rotation. (Slide 9.^ 

The second possibility, which is of 



great practical importance, is the 
angular displacement of the rotor 
relative to the aircraft. If the rotor is 
tilted to starboard, the aircraft will at 
first accelerate in this direction and, as 
the rotor is usually placed above the 
C.G. of the aircraft, eventually roll to 
starboard, and similarly, if the rotor is 
tilted backwards, the aircraft will 
accelerate backwards, and eventually 
pitch in the positive sense. 

There are various methods of tilting 
a rotor. The most simple form com- 
prises a rigid rotor like a propeller, 
which is spherically hinged about its 
centre of rotation, and is connected to 
a suitable control gear, in order to per- 
mit inclinations in all directions. This 
form represents a direct control, and 
consequently the work to overcome 
inertia and gyroscopic forces must br 
provided by the pilot, or another ex 
ternal source of power. Such a control 
is necessarily very heavy in operation. 
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and larger rotors would be quite un- 
manageable by this method. 

Another method of control is by 
means of cyclic pitch variation. In 
this form a cantilever rotor blade is 
rotated about the longitudinal axis, like 
the blade in a variable pitch propeller, 
but the pitch change is of a cyclic 
nature, so that there is more incidence, 
and consequently more lift, on one 
side of the rotor than on the opposite. 
In this way the air is made to do the 
work of tilting the rotor. The serious 
drawback to this scheme, however, is 
the gyroscopic couple due to the rate 
oi change of rotation of the rotor, 
which is not catered for in the control, 
and which is making itself felt as a 
disturbing element during control 
movements. 

The third, and most important, 
method of control, is that of the articu- 
lated rotor. Two forms can be .distin- 
guished which are aeroKiynamicallv 
identical. There is, in the first in- 
stance, the direct hub control which 
we find in the autogiro. We have here 
a set of flapping blades which are arti 
culated (9 a central hub. This hub, in 
turn, is pivoted at the top of the 
pylon, and connected with a control 
gear enabling it to be tilted in any 
Azimuth direction. 

Let us assume a hub and rotor 
rotating in the same * plane. Tilting 
of the hub, i.e. angular displacement 
of it relative to the momentary plane 
of rotation of the rotor, causes, in the 
first place, a cyclic pitch change in the 
blades, which produces an aero- 
dynamic couple on the rotor. This 
couple performs the change of rotation 
of the rotor which as before induces a 
gyroscopic couple. Owing to the 
articulation of the blades however, th* 
gyroscopic couple cannot be transmitted 
to the hub and control, but is balanced 
by air forces set up by the flapping of 
the blades. The control is therefore 
free from all severe rotor forces, and 
the only indication by which these 



forces are experienced is a time lag in 
the control. In this way, any angular 
movement of the hub, after a ocief 
time lag, is followed up by the rotor 
disc, which always tends to align 
itself with the plane of rotation of me 
hub. 

The second form of control for the 
articulated rotor was demonstrated in 
the Hafner gyroplane, and is used in 
most helicopters. 

The rotor blades which, apart from 
flapping can be feathered about a 
longitudinal axis, are linked suitably 
to a spider or swash plate, or the like, 
which in turn is connected to the 
pilot's controls, and can be tilted in 
any Azimuth direction. Th^ tilting 
of the control spider, like the tUting of 
the hub in the autogiro, causes, in the 
first place, a cyclic pitch change in the 
rotor, which produces an aerodynamic 
couple, including the rotor disc, and all 
further reactions are exacdy as in the 
tilting hub control. 

Thus, the spider performs the 
function of the tilting hub, and the 
rotor orbit will always tend to align 
itself with the plane of rotatibn of tne 
control spider or the control orbit, and 
any movement of it, subject to a very 
brief time lag, is copied by the rotor. 

To sum up, the rotor control means 
essentially tilting of the rotor thrust. 
This produces horizontal aero-dynamic 
force components, which accelerate the 
aircraft in this direction. Further, 
owing to the fact that the" rotor is 
above the C.G. of the aircraft, this side 
force, acting at the rotor head, induces 
a rotation of the aircraft. 

Types of Rotary Wiag Aircraft 

I have pointed out that the auto- 
rotating rotor, which we find in the 
rotor plane, does not absorb power, 
but performs merely the function of a 
wing. This type of aircraft is, there- 
fore, very similar in principle to the 
aeroplane, and flies in the same 
manner. 
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Rotor planes are usually fitted with 
an auxiliary drive for the rotor, which 
permits initial acceleration of the rotor 
prior to take off. In certain designs 
the speeding up of the rotor on the 
ground is carried beyond normal flying 
rotor speed, in order to utilise kinetic 
energy stored in the rotor, and obtain 
a direct or jumping take off. 

Many versions of this type of aircraft 
have been constructed, but since the 
renaissance of the helicopter, the auto 
giro has lost most of its selling points. 

Today the helicopter is in the centre 
of the rotary wing development. There 
arc many forms of helicopters. Let us 
first consider the single rotor helicopter. 

Its characteristic feamre is the com- 
pensation of the aero-dynamic rotor 
torque, which b done in various ways. 
There is the jet driven rotor, which 
carries power jets at the tip of the 
blades, and the fuselage is consequently 
free from torque. The high velocity 
of the blade tip is particularly suitable 
to give high jet efficiency. 

The most simple arrangement would 
be one where the whole power unit is 
confined to the blade tip, with only 
fuel pipes and controls leading to the 
rotor centre. There are, however, a 
number of serious problems connected 
with this arrangement, and its solution 
must be left to the fumre. 

The second possibility is the com- 
bination of blade tip jets, with a central 
power unit supplymg compressed air, 
which is fed through the hollow blade 
to the tip. 

This arrangement suffers from fric- 
tional losses at the walls of the tunnel, 
which contains at least two 90 degree 
turns. 

Another arrangement comprises a 
conventionally driven rotor and a jet, 
arranged at die tail of the fuselage, so 
that its thrust produces a moment 
about the axis of rotation of the rotor. 
Hiis is not stricdy a power jet, but a 
static thrust producing device. At such 
its efficiency is not very hi^, because. 



the jet cross sectional area being relat- 
ively small, the static thrust can only 
be obtained at the expense of high jet 
velocities and, consequendy, powers 

Another form 01 torque compen- 
sation utilises the induced flow of the 
rotor. Suitably shaped vanes are placed 
in this flow which produce the re- 
quired compensadne torque. This 
scheme has a valuable feature, in that 
it recovers the rotadonal momentum 
and energy, which otherwise is Ipst in 
the slip stream. 

Considering now the twin rotor 
helicopter, we have first the type where 
the rotors rotate about parallel axes, but 
in opposite directions. It can be shown 
that two counter rotating rotors are 
most efficient if they are identical in 
geometry. That is, equal in size, tip 
speed, lift etc. They can be arranged, 
side by side, or behind one anodier. 

Alternatively, the rotor discs can 
over-lap, partially in the case of inter- 
meshine rotors, or fully when they are 
co-axialTy one above tne other. Any 
over-lapping of rotor area, means, how- 
ever, a reduction in supporting surface 
which results in increased induced 
losses. On the other hand, non over- 
lapping rotors -necessitate always relat- 
ively heavy supporting structures. 

An example for a side by side rotor 
helicopter is the Focke Wulf, whereas 
the Breguet helicopter represents the 
co-axial type. 

So far we have considered parallel 
axes of rotation. 
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Now wc come to twin rocors, the 
axes of which are inclined to one 
another, and do not intersect. The 
torque compensation of such rotors is 
based on very different principles. In 
the^^'first instance, the torqiles of such 
rotors, do not add to zero, but leave a 
resultant torque, which is compensated 
in the following manner. (Slide lo.) 

The thrusts Ti and T2, of the 
rotors which lie along the respective 
axes of rotation, can be resolved in two- 
components, Li and Qi and L2 and 

Q2. 

Li and L2 represent together the 
total lift of the helicopter, whereas Qi 
and Q2 f6rm a coupte with the lever 
d^ which is the distance between the 
two rotor axes, and this couple is ad- 
justed to provide the torque compen- 
sation for these two rotors. 

It is obvious that the components 
Qi Q2, which don't contribute towards 
lift, should be as small as possible, and 
this can be done by making d large. 

There are a number of configur- 
ations on this principle. 
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Consider two rotors of equal thrusts. 

d being large, and consequendv Q 
being relatively small, wc can see urom 
this diagram that the angle between 
the axes of the two rotors is quite 
small, and both lie in the general 
direction of lift. (Slide 11.) 

The Florine helicoper i< an example 
of this arrangement. 

Now let us consider 2 rotors of diff- 
erent size. (Slide 12.) 

In this case the large rotor with the 
large thrust determines the general 
direction of lift, as we can see in the 
diagram, whereas the small rotor is 
mosdy concerned with producing the 
force Q2. 
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The well known Sikorsky helicopter 
is an example of this type. 

One could make a long list of poss- 
ible helicopter lay outs, and what the 
future helicopter will look like we 
frankly do not know today. There 
arc so many factors which will be 
thrown into the scales in the coming 
years, that it would be futile today, to 
attempt a prophecy on this develop- 
ment 

There are, however, a few indica- 
tions based on £cncral principles and 
natural laws, which permit a limited 
statement. In my opinion, the small 
helicopter which carries the equivalent 
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of a car load, will be of the single 
rotor type, or at least, have only one 
rotor to supply the main lift. In the 
larger helicopter, which carries some- 
thing like a bus load, the lift will be 
equally shared between 2 rotors. 

The Helicopter as a means of 
Trans portation 

After this short description of the 
rotary wing aircraft and its most im- 
portant representative, the helicopter, 
I should like to say a few words on its 
possible uses in the future. 

I have made reference already to the 
size of helicopters. 

I would add that it can hover and 
manoeuvre exceedingly well in con- 
fined spaces, and, on the odier hand, 
can travel at speeds up to 180 miles per 
hour. Regarding cruising speed for 
the near niture, a figure of perhaps 
100 m.p.h. is near a practical mark. 

The helicopter can operate at day 
and night, and can fly in very adverse 
weather conditions. We know diat, 
in the case of an engine failure, con- 
trolled flight can be maintained, and 
a safe landing can be performed. For 
such an emergency landing, an area 
of 100 yards in diameter is ample, the 
actual landing run being of a length 
of 10 to 20 yards only. 

There will, of course, be many 
specific uses for the helicopter, for in- 
stance, as weight lifting gear in ports 
and mines, and in Civil Engineering 
works, where cranes are not practic- 
able; also for pdice and military uses. 

A seemingly unlimited range of pro- 
posals of this sort have already been 
made, and it is not my intention to 
add here to this list. 

What 1 have in mind, however, is 
the helicopter as a nieans of transport- 
ation in competition with already exist- 
ing forms of transport. 

Let us consider a probable ground 
organisation for such helicopter service. 

This sketch shows a typical heli- 
copter landing and -parking place, as 



I visualise it. The landing pitch itself 
is a circular area of 100 yards in dia- 
meter. There is no reason ^hvcsuch 
a place should not be situatea in a 
built up area, prpviding there are no 
high obstacles in the vicinity, prevent- 
ing an approach along a flying path of 
30 degrees slope. (Slide 13). 

This provision is necessary to enable 
emergency landings. Normal take off 
and landing are made in such a 
manner that, at any instance during 
the manoeuvre — should an engine fail- 
ure occur — the pilot is in a position to 
force land on this landing pitch. For 
this reason take off and landings are 
made facing into wind, and the flight 
path during take off is in the direction 
upwards and backwards. 

A diametrical strip of the landing 

Eitch in the direction of wind is always 
ept free for take off and landing, and 
the remainder of the area is used as a 
parking place for helicopters. Adjoin- 
ing the pitch we have lock up garages 
for helicopters, petrol pumps and ser- 
vice buildmgs, and the necessary office 
accommodation, with telephone facil- 
ities etc. 

Preferably, such a helicopter station 
should be combined with a caf service 
station, and a taxi stand and car park 
should be included. 

There is nothing elaborate about this 
lay out, and the initial expense and 
maintenance costs should be very 
moderate. 

I visualise these helicopter stations 
distributed densely over the country- 
side, as well as in towns. They are 
really only a glorified road-side car 
service station, and I feel, therefore, 
that once the helicopter is available, 
and subject to suitable guidance from 
the appropriate authorities, private 
enterprise will see to it that they grow 
like mushrooms. 

I am afraid I had not time to discuss 
the efficiency of the helicopter, and 
therefore have no basis for its running 
costs. 
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From investigations which have been 
made on these lines, we know K>day 
that it is possible to build helicopters 
which will be able to operate at a cost 
of approximately one and a half times 
that of taxis. This estimate is subject 
to a fair taxation policy, that Is low 
taxes on aviation fuel, aod no direct 
taxation on the helicopter, at least in 
the early stages of its development. 

Assuming now a helicopter service 
based on these lines; what would be 
its chances in competition with other 
means of transport? 

It is necessary here to establish ;i 



few definitions which apply to any 
form of transportation or travel. 

A journey nas a starling point A, 
andapoiDtofdcstiaationD.iSlide 14') 

The distance of transporting do is 
the length of the straight line connect- 
ing A and D. 

The major pan of tlic journey is 
performed by the selected form of 
transport i.e. by air, road, rail etc. It 
commences at B, the nearest practical 
point to A for embarkation, and ter- 
minates at C, the nearest practical 
point to D for disembarkation. The 
distance lietween these points, the 
straight line BC, is defined as J. 
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This leaves shoif distances AB and 
CD at the ends of the journey. Their 
length varies, of course, with the cir- 
cumstances, and depends mosdy on 
the form of service employed over BC. 
They may be nil in the case of a direct 
" door to door '* service. Alternatively 
they are covered by another, usually 
inferior, forq[i of service to that selected 
for tlxe main distance BC. 

The difference between AD and BC 



IS 



Ad = do - d 



Ad may be positive or negative, as 
can be seen by moving the points A 
and D, and is usally small compared 
with the total distance. For a large 
number of journeys Ad averages zero, 
which will be appreciated if a large 
number of points, Ai, A2, A3 etc., arc 
assumed in the neighbourhood of B, 
and a similar number of points Di, D2 
D3 around C. The mean journey 
distance for all combinations of A and 
D is clearly equal to BC, which means 

Ad — >^.nil 

The time needed to travel from A 
to D is to, and the time for the journey 
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from B to C is /, the difference is 
defined as 

At = to - t 

Now At varies with circumstances, 
depending on the length of the sub- 
sidiary journeys AB and CD, on the 
time for embarkation and disembark- 
ation, and other factors. 

It is clear, however, that for a large 
number of journeys, the average A 
does not approach zero, but has a 
definite value. This value can be 
shown to be a constant for a given 
form of service, and is pracdcally inde- 
pendent of the length d of journey. Ic 
is therefore, suitably termed the " mar- 
ginal dme loss **. 

Now the rate of progress along BC, 
or the mean cruising speed along this 
line is defined as: — 

Vm = 1 
t 

In a similar manner the mean effec- 
tive speed of the whole journey from 
A to D is 

_ do _ d -I- Ad 



Ve = ^ = 
t 



t + Ato 



however, because Ad averages zero. 
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Wc can write 
Vc = 



t + At 



which, with substitutions, gives the 
following expression 

Vm 



Vc = 



1 + At (Vm/d) 



Wc see, therefore, that the mean 
effective speed depends on the mean 
cruising speed, the length of the jour- 
ney, and the marginal time loss. 

The mean cruising speed, in turn, 
depends on a number of factors, 
(i) The maximum cruising speed 
obtainable with the type of trans- 
port employed. 

(2) The ratio oetween die lengths 
of the straight line BC and that 
of the actual path of travel. 

(3) The number of intermediate 
stops, or points, which for 
reasons of safety or otherwise, 
must be passed at a speed which 
is less than the maximum cruis- 
ing speed. 

(4) Weamer conditions, etc. 

The marginal dme loss depends 
mosdy on the density of the points of 
embarkadon or disembarkadon, which 
determines the length of the subsidiary 
journeys. Further, the speed of trans- 
portation on subsidiary journeys, the 
time lost in changing vehicles at B and 
C, and finally, me average dme table 
loss, which is the average dme needed 
to wait for connections. 

On this basis let us now consider 
air transport by air liner. 

I assume, in a future service, an 
economical cruising speed of the order 
of 300 miles per hour. 

In a country like England, there will 
be air ports at average distances of 65 
miles. They cannot, of course, owing 
to dieir size and die nature of die air 
service, be in towns or centres of act- 



ivity, which results in an average of 
39 miles, for both subsidiary joumcyt 
to and from the air port. 

These figures substituted in the 
formula for mean effective speed give 
now the very interesting curve A. 
(Slide 15.) The remarkable fact aris- 
ing from this curve, is a pronounced 
decrease of mean effective speed of 
transportation with the length J of the 
journey. 

We see here, that even under con- 
ditions of an efficient air service, 
which, it is hoped, will be attained fit 
some future date, the mean effective 
speed of a journey of, for instance, 100 
miles, would only be of the order of 
30 miles per hour. It is obvious, there- 
fore, that the air liner, is quite unsuited 
for short journeys. 

Let us now see how rail transport 
compares. The Railway Companies 
have lately issued a statement, which, 
amongst other points of information, 
hinted at possible future speeds on 
railways. 

I have taken some of their figures. 

Usually, for short disunces below 60 
miles, the journey is made by a local 
train, and for distances of more thaif 
60 miles, by express trains, with the 
use of local trains at the end of the 
journey. 

I have assumed a mean cruising 
speed for express trains of 65 miles 
an hour. 

To attain this the train would have 
to run at a speed of over 80 miles per 
hour, for a good deal of the journey. 

Owing to the great density of rail- 
way stations, and the fact that they 
are suitably placed with regard to 
centres of activity, the average mar- 
ginal time loss for rail travel is bener 
dian for air travel. 

It works out at approximately 40* 
minutes. 

These figures give the curve B.for 
the mean effective speed of rail trans- 
port. 
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SLIDE No 15 

At r^ards motor road transport, we 
face the following facts: — 

The private car and the taxi repre- 
sent a " d(XK to door " service. There 
is, therefore, no marginal time loss in 
this case. 

As regards bus services, and under 
this category 1 would put the special 
railway services which are provided in 
densely built up areas, such as the 
underground and suburban lines, there 
is only a very small marginal time loss, 
of the order of 20 minutes. 

On die other hand, however, the 



mean cruising speeds for these forms 
of transportation are low, due 10 the 
frequent stops or delays, which are 
necessary in the interests of safety. 

As regards road transport, 1 have 
read with interest the proposals for 
roads and highways, which have hpen 
fwwardcd by the Post War reconstruc- 
tion Committee, of the British Road 
Federation, and which indicate a 
scheme of motor highways for fast 
motor road travel, and a number of 
sdiemes for road traffic in built up 



On this basis I have assuQied, as a 
mean cruising speed for cars, 45 m.p.h. 
on motor highways, which includes 
occasional stops, and a mean cruising 
speed, in built up areas, of 16 m.p.h. 

The corresponding cruising speeds 
for buses are assumed to be slightly 
less. 

Substituting, now, these figures in 
our formula for a mean effective speed 
of transportation, we obtain two curves 
C and D. 

As regards air travel by helicopter, 
I have assumed a taxi service. 

This means essentially, that aircraft 
do no! fly to time tables, but meet 
exactly the wishes of the traveller. 
This would apply, of course, equally 
to the private owner's helicopter. 

I have assumed twice as many heli- 
copter stations as railway stations, ex- 
cluding those of Urban and Suburban 
lines. 

Thus, for instance, Bristol and dist- 
rict would have 15 to 20 helicopter 
stations, and a smaller town, like 
Weston-s-Mare, 2 or 3. 

On this basis, the average marginal 
time loss woi-ks out to approximately 
20 minutes. 

The cruising speed of the helicopter 
is of the order of 100 miles per hour. 

The mean effective speed of heli- 
copter travel, on this basis, is given by 
curve E. 

We are faced now with a very inter- 
esting comparison between. the various 
forms of transportation. 

The curves intersect each other, and 
it can be seen that the private car, or 
the taxi, is clearly the fastest form of 
transportation for short journeys. 



whereas on the other side of the scaiv, 
the air liner is unchallenged. 

I have excluded from this com- 
parison the private owner's aeroplane, 
because it cannot fly at night — at least 
I would not — and it is too much de- 
pendent on weather conditions. 

However, a representative curve for 
mean effective speed is shown dotted 
in the diagram. 

If we observe the curve for the heli- 
copter, we find that it is faster than 
any other form of transport for jour- 
neys between 10 and 400 miles. In 
particular, if we consider journeys of 
the order of 120 miles, we find that 
it is nearly twice as fast as any of its 
competitors. 

To sum up, 

I believe the helicopter will be more 
expensive to run that the car or the 
taxi, but it will be by far the quickest 
means of communication for typical 
journeys in this country. For instance, 
from here to London, or from London 
to Birmingham, or from everywhere in 
England to Newmarket, cr the sea-side. 

There is no need for me to stress the 
fact that all the figures which I have 
quoted, have been, of course, to use 
the popular phrase, " cooked *' to a 
considerable extent, and the conclu- 
sions at which I have arrived are highly 
optimistic. 

Nevertheless,* think of the possibil- 
ities! the chance to free yourself of 
cross-roads and roundabouts, of speed 
limits and .stop lights, of time tables 
and waiting rooms! Think of the 
wing that flies in circles, but will give 
you the pleasure of travelling straight! 
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HELICOPTER MEETING 

in the 

HOUSE of COMMONS 



An informal meeting for the bene- 
fit of Members of Parliament was 
arranged by the Association on Wed- 
nesday the 29th January at the 
invitation of Sir Ba^ Neven Spence 
M.P. Three of his colleagues, 
Major Duncan McCallum, M.P., 
Major J. Madeod, M.P., and Mr. 
Malcolm MacMillan, M.P., also 
sponsored the meeting, which was 
instigated after a visit to Heston 
where they witnessed a brief demon- 
stration of the possibilities of rotary 
wing flight. 

The meeting was held in the Grand 
Committee Room, Westminster Hall, 
House of Commons, and the Associ- 
ation was represented by the follow- 
ing Councu Members: — H. A. 
Marsh (Chairman), R. A. C. Brie, 
H. M. Yeatman and N. J. G. Hill. 
The Honorary Secretary also attend- 
ed. The main interest in the dis- 
cussion was centred around the 
possibilities of using the helicopter 
as a means of transportation in the 
Western Isles, Shetland and Ork- 
ney, although many questions of a 
more general nature were dealt with. 

The film, " The Story of the 
Helicopter " was shown to the 
meeting and was viewed with greit 
interest. This fUm, as the majority 
of members will no doubt recall, 
outlines briefly the background of 
the helicopter from Leonardo da 
Vinci, and, passing through some of 
the earlier helicopter attempts to the 



success of Juan de la Cierva with the 
Autogiro, it leads up to the experi- 
ments of Igor Sikorsky. The main 
body of the film deals with the flying 
characteristics of the Sikorsky types, 
the V.S.300, and the YR.4, taking 
the story up to about the begirming 
of the year 1944. 

The Chairman explained to the 
meeting after the showing of the film 
that considerable further success had 
been achieved since that date, but 
that the film records depicting these 
recent developments were not yet 
available. 

There followed a general discus- 
sion lasting about 30 minutes, 
during which time questions by vari- 
ous Members of Parliament covering 
such subjects as payload, engine 
failure, jet propulsion, bad weather 
flying and operation costs, were 
answered by Wing Commander Brie 
and the other Council Members 
present. 

Finally, the meeting was dosed 
with a motion of thanks from Major 
Duncan McCallum to the Association 
for the arrangements made and for 
the information which had been 
forthcoming. 

He was assured by the Chairman, 
in reply, that the Association would 
be pleased to be of further assistance 
if so rec^uested, in pursuance of its 
main object of furthering the devel- 
opment of rotating wing aircraft. 



NEW MEMBERS 



The following have been elected 
lished list: — 

Members 

A. E. Bristow 
G. H. F. Brown 
K. F. Bulstrode 
F. J. Frederick 
W. W. Greenfield 
L. Massey^Hilton 
C. F. Hodson 
P. B. Hovell 
P. W. Howes 

F. Jaques 

G. H. M. Miles 
J. V. Roberts 
R. G. Robertson 
J. E. Russell 

A P. Thurston 
I. Torbe 
A. Vines 
W. Wclton 

Membership continues to grow 
steadily, having now passed the 150 
mark. Members are. reminded, 
when renewing their membership, 
that they may introduce new mem- 



to membership since the last pub- 

G. H. C. Willins 

Associates 

J. S. Fay 

0. Hill 

F. E. A. Mitchell 

1. Roberts 

J. de Milt Severne 
R. I. Walton 
R. W. Washer 
W. A. R. Weaver 

Graduate Members 

0. V. Brooks 
C. C. Cooper 

1. H. Endean-Miller 

G. S. Fletcher 
W. A. Kuipers 

bers with suitable qualifications, to 
the Association. Application forms 
for this purpose may oe obtained by 
writing to tne Secretary at Finsbury 
Circus House. 



PUBLICATIONS COMMITTEE 



This committee has now been 
formed, its function being generally 
to co-ordinate the activities of the 
Association concerning all matters 
relating to literature and the Library 
etc. 

In particular its immediate func- 
tion IS to be responsible for the 
publication of the Association's bul- 
letin at the desired intervals. 

The Members are : — 
E. G. Smettem (Chairman). 
M. J. B. Stoker. 
B. h. Arkell. 

In addition, another member, H. 
Roberts, has kindly offered his 



assistance and this will be co-opted 
as soon as the Association is m a 
position to open its Technical and 
Semi Technical Library. 

The Committee's immediate task, 
namely that of publishing this bul- 
letin, is one which calls for no small 
amount of thought and careful 
preparation. Every effort is being 
made to maintain, and to improve 
upon the present standard, and in 
this connection members can be of 
great assistance in offering their 
criticisms. It should be borne in 
mind that some restriction in these 
early stages must be expected, due 



partly to financial reasons and partly 
to the present day difficulties in 
printing. However, constructive 
suggestions will be very welcome and 



should be sent to: — 
The Chairman, 
Publications Committee, 
at the offices of the Association. 



NAME SPACE ADVERTISEMENTS 



In order to augment the tunds 
necessary to publish the Bulletin, 
the Council have inaugurated a 
scheme whereby the support of the 
aircraft industry and other inter- 
ested bodies has been enlisted in the 
form of name space advertisements. 

The Council would like to take 
this opportunity of tHanking those 
firms who have already accepted the 
offer for their generou3 co-operation, 
and hope that others will follow 
suit. The first insertions of the 
advertisements have been made in 
this issue, and a space has been 
reserved for those firms whose 



blocks have not yet come to hand. 
These will be included as soon as 
they are received. 

The first improvement which this 
support has enabled the Association 
to make will be appreciated when 
the next issue appears as a fully 
fledged Journal. This will then 
become the Official Technical Publi- 
cation of the Association, and will 
be issued quarterly in June, Septem- 
ber, December and March. 

The Bulletin will thenceforth con- 
tinue in the form of a news sheet, 
and will be issued from time to time 
as required. 



HELICOPTER MEETING AT CHRISTCHURCH 



At the request of Captain Frost, 
the Honorary Secretary of the 
Christchurch Science Club, a lecture 
was given by Mr. Kenneth Watson 
to the Club at Christchurch on Wed- 
nesday evening, the 15th January, 
1947. Mr. Watson is a Founder 
Member of the Association and is 
Chief Mechanical Engineer of the 
Cierva Autogiro Company. 

The lecture, entitled " Rotary 
Wing Development," was mainly 
historical in nature, dealing with 
such subjects as types of rotor 
hubs, control mechanism, vibration, 
power plant requirements and other 
mechanical problems encountered 
in the development of rotating wing 



aircraft. A numbei' of lantern slides 
were shown and tne lecture had a 
very enthusiastic reception by an 
audience of approximately 80. 

The Association has had several 
other such requests for helicopter 
lectures in various parts of the 
country and it is thought advisable 
to compile a register of the members 
and material available. 

Will any member who would be 
willing to comply with a similar 
request to deliver a lecture, please 
send details to the Secretary, 
together with a general outline of 
the subject to be covered, for con 
sideration. 



A HISTORICAL REVIEW OF 
HELICOPTER DEVELOPMENT 

by Group Captain R. N. UPTROT. CB£. 

Lecture given an October 12th at Mansan Hause, London^ befare the Helicopti 

Association and Visitors from the Royal Aeronautical Society. 

INTRODUCTION BY THE CHAIRMAN 

Before asking Gp/Capt. Liptrot to give us his lecture a few words 
of introduction may not be out of place. It would be diflftcult to think 
of anyone better (lualiiied to talk on the subject of rotary wing history 
than Gp/Capt. Liptrot, as he has been intimately associated with the 
development of tm& type of aircraft for the past 20 years, and latterly 
in his official capacity at the Air Ministry, Mmistry of Aircraft Produc- 
tion, and Ministry of Supply. It is probably correct to say that he has 
had inside knowledge of every project in this country as well as a good 
many abroad. 

Gp/Capt. Liptrot is a member of our Association and his enthusiasm 
for rotary wing flight has shown itself in a practical way during the past 
two years during which time he has done quite a lot of solo flymg on the 
R.4. helicopter. 

I am quite certain that his personal interest and sympathy has done 
much towards the general advancement of the Art in this country. 

Finally, on behaU of the Association, may I welcome those members 
of the Koyal Aeronautical Society who are here this afternoon as our 
guests, and also the guests of our own members. 

Group Captain Liptrat — 



Before commencing my lecture, I 
should like to express my appreci- 
ation of the great honour which you 
have paid me in inviting me to give 
what IS reaUy the inaugural lecture 
of the Helicopter A^ociation of 
Great Britain. 

It is appropriate, I think, that in 
this first lecture, in order to pave 
the way to more advanced treatment 
of the problems, we should consider 
in simple terms the basic principles 
and make a historical review, exam- 
ining early efforts to build heli- 
copters and tracing their develop- 
ment up to the position which we 
have now reached. 

Ever since man began to think 
for himself he has wanted to imitate 
the flying creatures and, with their 
example in front of him, it was 
natural that flapping or rotating 
wings should be amongst the earliest 



suggestions for flying machines. 
Even in mythology we have the 
story of Icarus who made wings 
which he fastened to lus arms wim 
wax. It will be remembered that 
he flew too close to the sun, the heat 
from which melted the wax so that 
his wings fell off and he was hurled 
to his death. Thus we have the first 
recorded case of muscular flight and, 
at the same time, the first structural 
failure in a flying machine. 

The problem of direct lift flight 
and, in particular, that of the heli- 
copter, I.e. that type which derives 
its lift control, and propulsive thrust 
entirely from rotating wings, has in- 
triguea inventors mroughout the 
centuries and has perhaps attracted 
more attention than any other phase 
of the design of the heavier-than-air 
craft. It is very significant that 
when man first thought of flight he 



thought in tenns of direct lift, i.e. in 
rising vertically from the ground, 
remaining motionless at a desired 
height and then descending again 
vertically. Going places when once 
in the air was, in nis mind, quite a 
secondai^ requirement. Even the 
Wright Brothers and others who are 
now famous aeroplane designers 
built their first models with this 
same id^ in view, but they and 
many others who worked long and 
earnestly on the problem had littie 
or no success. Then came the reali- 
sation that a suitably shaped surface 
propelled through the air would 
create lift, and the fixed wing glider, 
and the aeroplane, which is a power 
driven fixed wing slider, were devel- 
oped. Our whole conception of 
flight thus became reversed for now, 
instead of rising into the air and 
then going forwwi, we were whoUy 
concerned in going forward at a 
sufiKcient speed to rise and maintain 
ourselves in the air. This diversion, 
and it was a diversion, gave us the 
simpler solution at the aeroplane 
whose characteristics were sufficiently 
satisfactory to attract the finance 
which was necessary for its develop- 
ment. The aeroplane, of course, has 
made enormous strides, but it still 
has and will alwa3rs have the short- 
coming of being critically depen- 
dent on speed. To their everlasting 
credit, however, ever since flight was 
first achieved, there has always been 
someone somewhere working on the 
problems of direct lift and striving 
towards our original idea of lift, 
stability, and control independent of 
forward speed. We are glad to 
record that many who were led 
away from the seemingly insoluble 
problems of the helicopter to the 
simpler powered glider, have now 
seen the light and are in the fore- 
front of helicopter development. 

Of all that band of pioneers, pride 
of place must surely go to Juan de 



la Cierva, who, although not con- 
cerned in helicopter envelopment, 
none the less paved the way more 
than anyone else to the satisiactory 
solution of problems inherent in the 
helicopter. It was he, who im- 

1>reased as he was by the risks of 
OSS at speed on the conventional 
aircraft, argued tfiat while speed on 
the supporting surfaices was of 
course essential to flight, it was not 
essential to the aircraft as a whole. 
He thus divorced the velocity of the 
aerofoil itself from that of the air- 
craft, by hin^eing his aerofoils to a 
rotating centre, so that they could 
rotate independently to create suf- 
ficient lift for sustentation. The 
idea, of course, was not new, since 
all rotating wing devices rested on 
the same fundamental idea, though 
not previously so deariy defined by 
other workers. In developing this 
idea, he rediscovered other features 
which are vital to the helicopter and 
which had been propoundea earlier, 
though never satisfactorily applied 
in practice, namely flapping Diades 
to compensate for the (ussymrn^ry 
of formxd flight, control by tiltilig 
the rotor thrust and the high paia- 
chutal value of aerofoils, auto- 
rotating at a small positive angle of 
incidence. His autogyro provided 
the missing, link in the quest for our 
ideal and an instrument on which 
to study the aerodynamic and mech- 
anical problems of the rotating wing 
t]^ of aircraft. Such was hit suc- 
cess that at any time after 1932, 
when the C.dO autogiro was demon- 
strated, we could have built a satis- 
fsLCtoTv helicopter if the ur^e to do 
it and the necessary financial back- 
ing had been available. 

That then is the broad picture. 
First we had the aeroplane with its 
fixed wing and dependent on speed 
for sufficient lift to support itself in 
flieht, and with engines and pro- 
pers for propulsion, and separate 
organs for stability and control. 



From this we had the transition to 
the autogiro with rotating wings, 
deriving its control from its rotor bat 
stiU dependent on a certain amount 
of forward speed for its lift, though 
not subject to loss of control at low 
speeds. Finally, we have the com- 
plete co-ordination of all the essen- 
tials for flight in a rotating system, 
power driven for propulsion and lift, 
and convertible by pitch reduction 
to the autogiro for emergency land- 
ing. Thus we have the heucopter 
which was man's original conception 
of flight, but wmch was only 
reached through the intermediate 
development of the aeroplane and 
the autogiro. 

Let us now trace this develop- 
ment. Even as long ago as the fif- 
teenth century we find Leonardo da 
Vinci devoting several years of his 
life to the study of bird and mechan- 
ical flight, and he has left in his 
notebooks many sketches showing 
flying machines. Of particular 
interest is a design showing an air- 
craft consisting of a lifting screw 
driven about a vertical axis. 

The first helicopter to fly was only 
a toy, the wellknown Chinese flyiiig 
top, and the first heUcopter to fly in 
the Western Hemisphere was a 
rather similar model, httle more than 
a scientific toy, which was shown 
before the Academic des Sciences in 
1784 by Launcy and Bienvenue, and 
since that time literally thousands of 
projects have been proposed by in- 
ventors all over the world. The 
Patent Offices of all countries are 
full of helicopter specifications, the 
greater part of them, unfortunately, 
based on faulty physical principles 
and obviously impracticable. 

The direct lift aircraft is a heavier- 
than-air craft, which is able to Uft 
itself and some useful load ofl the 
ground in still air, which can hover 
motionless over a given spot and 
descend vertically under its own 



power and, in particular which can 
make a safe descent in the eveat of 
engine failure. In addition, it mart 
be able to move horizootal^ at tte 
will of the pilot at a satisbctafy 
speed, and it must be oontiolUHe 
and stable under all cooditiaoB of 
flight. The possibilitks for tile fno- 
tical use of such an airaaft are ol^ 
viously far reaching and they ham 
excited the imagination of both lift- 
men and technicians. The htfi- 
copter, that branch of direct lift ak- 
craft with which we axe conoenied 
in this paper, is, in common with all 
rotating wing machines, the safest 
of all flying machines. Iliis is so, 
not only because it cannot be stalled 
in the ordinary sense of the term, 
i.e. in that loss of forward speed 
only results in sinking on a wvel 
keel, but also because in conditions 
of low visibility use can be made of 
its very low minimum speed. So 
long as power is available a landing 
can be made in any dear spa^ce bat 
little in excess of tne rotor diameter 
and, in the event of a forced hmHtng 
due to engine failure, a safe descent 
is still possible in to a restricted area. 

It is in the required characteristics 
mentioned earlier, namely horizontal 
translation, stability and control, 
that the real difficulties of the prob- 
lem lie, and very few of the earlier 
inventors in this field of flight 
appear to have seen the problem as 
a whole. In most cases tney BppeBX 
only to have considered the require- 
ment of obtaining su£Bicient lift to 
sustain the aircraft. As long ago as 
1904 Colonel Renard read papers 
before the Academie des Sciences in 
which he developed the theory of 
lifting screws to quite a considerable 
extent, and formulated the cwrect 
relationship between horsepower re- 
quired, weight to be Ufted and air- 
screw dimensions. Today, with our 
present knowledge, any competent 
propeller designer could provide a 
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rotating system to give adequate 
lift for novering flight. 

As.we have seen, the desired char- 
acteristic of hovering flisht demands 
aerodynamic sur&ces which have a 
velocity independent of the forward 
speed of the aircraft as a whole, and 
we have three main possibilities: — 

1. Omithopters in which the wings 
flap or oscillate. 

2. The type in which the aerofoils 
are mounted like the blades of 
a paddle whed. 

3. The type in which the lifting 
S3rstem consists of blades 
attached to a hub rotating 
about a substantially vertical 
axis. This type has always 
hdd the field and has at last 
given us entirely practical hdi- 
copters capable of bein£ put to 
practical use. It is this type 
which we shall discuss in what 
follows. 

Let us now look at the special 
problems. 

TRANSLATION. 

In horizontal motion with a 
system of rotating aerofoils, the 
difficulty arises ihaX the surface, 
which at any instant is advancing 
into the relative wind, has a higher 
vdocity than the retreating surface 
and, therefore, exerts a greater lift. 
In the absence of special arrange- 
ments, this inequality of lift gives 
rise to an inconvenient overturning 
moment. Several arrangements have 
been proposed to overcome this dif- 
ficulty, 
(a) The cyclic change of resultant 
blade velocity can be avoided 
by arranging for a cyclic 
change of bhde vdocity, so 
that when advancing the blade 
would have a smaller angular 
velocity than when retreatixig. 
Such a method, however, in- 
volves excessively high angular 
accelerations and the solution is 
impracticable. 



(b) Variable blade area or tele- 
scopic blades which can be re- 
tracted on the advancing side 
and extended on the retreating 
side. This method again is ob- 
viously impracticable. 

(c) The use of pairs of systems ro- 
tating in opposite senses, the 
pairs beine eimer superimposed, 
side by side, or in tandem. 

(d) Other schemes assume constant 
angular velocity and, coose- 
quentiy, a cycUcaUy changing 
relative velocity in forward 
flight, but propose to compen- 
sate by means of a cyclic 
change in blade characteristics 
governing lift, e.g. by flaps or 
similar means. 

(e) A cyclic variation of blade 
angle or what is commonly 
called " feathering ". The dis 
advantage of this method is that 
it involves rigid blades and the 
structural problem is made 
more difficult by the heavv peri- 
odic bendinff moments which it 
imposes at me blade roots, both 
in the flapping and drae senses. 

(f) B^ blade flapping. The prin- 
ciple of the nappmg Made was 
described in very early heli- 
cc^ter patents, but it was only 
when Qerva rediscovered it and 
applied it to his autogiro that its 
importance in the achievement 
of pmctical flight with rotating 
wings was appreciated. 

It has the ment not only of sup- 
pressing the overturning 
moment caused by the aerody- 
namic dissymmetry of forward 
flight, but it also suppresses 
v^cal bending moments at the 
blade roots and it minimises the 
effect of gusts on the aircraft. 
In point of fact, the suppression 
of the overturning moment is 
not complete, owing to the in- 
ertia of the blades which so in- 
fluences the motion of the blade 
about the flapping hinge, that 
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the almost complete suppression 
of rolling in forward night is 
accompanied by a pitching 
moment. This, however, is in 
point of fetct beneficial, since 
tiapping produces pitching of 
the aircrait due to the backward 
inclination of the lift vector, 
and, since flapping increases 
with forward speea, the air- 
craft becomes more tail heavy 
with increasing speed. Flap- 

Eing, therefore, contributes to 
>ngitudinal stability. 
Nearly all early helicopters used 
Pjairs of rotating systems, thoush 
since the advent of me autogiro the 
common form has been a single ro- 
tating system with articulated 
blades. Feathering blades have 
been used with some success and 
th€y and lift controllinjg devices at 
the blade tips are beginning to be 
devdoped once again. Feathering 
blades, indeed, are becoming of 
much greater interest. One of the 
disadvantages of flapping is that it 
introduces a dissynmietry in the 
plane of rotation. As a result of the 
tilt of the tip path plane with respect 
to the axis of rotation due to nap- 
pin£ and the upward coning of the 
Dlaaes, there is a geometrical dis- 
symmetry in the plane at right- 
angles to the axis of rotation. This 
ms3ces it necessary to introduce a 
drag hinee which, together with the 
flapping hinge, constitutes a univer- 
sal loint. The natural frequency of 
oscillation about the drag hmge 
makes it necessary to introduce 
some form of dampins, and either 
friction or hydrauhc oampeiB have 
commonTy been used. This damp- 
ing, however, restricts the freedom 
of movement otherwise provided by 
die univeiBal joint and periodic 
balding moments are re-in^txluced 
at the blade root. There is no such 
dissymmetry with a feathering rotor 
and so no drag hinge is necessary. 
The faitroduction of the drag hinge, 



which gives an additional degree of 
freedom of oscillation for each blade, 
has probably been responsible for 
more vibration troubles than any 
other step taken during the devdop- 
ment of the rotating wing, and it 
may be that if the same amount of 
development work had been applied 
to featnering blades, instead of flap- 
ping blades with a drag hinge, many 
of the troubles which have delayed 
the development might have been 
avoided. 

It should be pointed out that even 
with flapping olades, it is possible 
to maintain symmetry in the plane 
of rotation by mountmg the hub on 
a universal joint and allowing the 
axis of rotation to tilt with the tip 
path plane, so that the axis of the 
nub and of the tip path are always 
coincident. 

CONTROL. 

In early helicopters control was 
sometimes sought either by surfaces 
hanging in the downwash from 
the rotors; by differential changes 
of blade angles between the 
pairs of rotors, causing differences 
m the lift of the individual roton; 
by a cyclic change of blade ande 
which gives control by tilting me 
lilt vector in the appropriate sense 
by tilting the whole rotor in tfie de- 
sired direction, or by variable pitdi 
airscrews or rotors mounted about 
appropriate axes. The only one of 
these methods which is poor is the 
first one, since it not only introduces 
extra weight and drag due to the 
surfaces and the structure necessary 
to support them, but it is ineffective 
when the rotor is in autorotation in 
the event of power unit failure, since 
the air flow over the surfaces is then 
in the opposite direction, and the 
pilot's controls become inverted. 
All the other methods are in use in 
practical helicopters which are now 
flying, the only new method being 
that of cylcic variation of the lift 
characteristics of the blade by lift 



increasing devices, such as flaps, 
instead of the cyclic variation of 
blade angle. 

STABILITY. 

The subject of the stability of 
helicopters is far too large a sub- 
ject to deal with in a paper of 
this character and a whole series of 
papers could be devoted to this one 
subject. I shall content myself 
merely with pointing; out any special 
features on me hehcopters which I 
shall describe, which have a bearing 
on the stabilihr problem. 

ANTI-TORQUE CONTROL. 

Whenever we have a rotor driven 
by an engine through gearing, we 
have a torque reaction which would 
result in the fuselage turning about 
the rotor axis in a direction opposite 
to that of the rotor itself. The 
methods used to overcome this 
torque reaction are characteristic, 
ana they afford a means of classify- 
ing helicopters which I shall use m 
drawing a historical picture of the 
development. 

The expedient of employing two 
rotors rotating in opposite senses is 
perhaps the simplest of all means of 
dealing with torque reaction, and it 
has b^ used on many helicopters. 
It has the merit not only of balan- 
cing the torque reaction from the in- 
dividual screws, but also of elimin- 
ating the rolling moment in 
translation. There are several pos- 
sible configurations of pairs of rotors 
all of which have been used from 
time to time. Up to the size within 
which we can build a practical rotor, 
the single rotor is the most attractive 
though it introduces special prob- 
lems of its own in arranging for 
torque balance. 

Tne alternative methods which 
have been used for balancing rotor 
torque are presented in what follows, 
and photographs of representative 
aircrsdft are reproduced. 

I. Twin Superimposed Co-axial 
Rotors. Examples are: — 



(a) Breguet. Even so long ago as 
1907, Monsieur Louis Breguet 
built a helicopter with four 
lifting screws each consisting of 
four biplane blades. So far as 
I am aware, this was the veiy 
first helicopter which could lift 
itself and its pilot. In 1931 
Breguet, who in the meantime 
had become famous as a builder 
of conventional aeroplanes, re- 
turned to the heUcopter and, 
in collaboration with Monsieur 
Dorand, he built another also 
with two co-axial rotors. He 
achieved considerable success 
and the aircraft made manv 
flights both in hovering and in 
translation up to a speed of 
some 50 m.p.n. 

(b) Berliner. In 1905 Emile Ber- 
liner in America had tried to 
build a helicopter with two 
co-axial rotors but without 
any success. In 1920 he and 
his son Henri built and flew 
another of the same type, 
which, however, was lacking in 
stability and control. Three 
years afterwards the son built 
yet another. This aircraft was 
derived from a Nieuport mono- 
plane hy replacing the wing by 
two liftmg screws, one on each 
side. The elevator was sup- 
plemented by an auxiliary pro- 
peller mounted on a vertical 
axis and lateral control was 
effected by vertically movable 
flaps in the downwash from the 
rotors. Little success was 
achieved, though during its 
flight trials the aircraft rose to 
a height of some 2 ft. and made 
hops up to 30 yds. at a speed 
of some 30 m.p.h. 

(c) Pescara, Between 1920 and 
1925 Pescara constructed four 
helicopters all of the same 
general type. They had two 
superimposed co-axial lifting 
systems, the early ones with six 
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and the later ones with four 
biplane blades which could be 
warped either all blades to- 
gether or cyclically. By warp- 
ing the blades at the moment 
when they passed through any 
desired azimuth, the lift vector 
was displaced in azimuth 
towards the side where the 
blade angle was increased and 
so a moment givmg control in 
the desired direction was pro- 
duced. The same principle 
was used for inclining the axis 
of the aircraft, in order to 
obtain a horizontal component 
of the total lift to provide trans- 
lation in the desired direction. 
By warpmg the two rotors 
d&erentially he obtained a 
yawing moment to turn the air- 
craft m the desired direction. 
Pescara was also one of the first 
to understand the principle of 
autorotation and, with the 
blades at a small angle of inci- 
dence, his aircraft were able to 
descend freely and under con- 
trol in the event of engine 
failure. It will be seen that 
these helicopters satisfied prac- 
tic^ly all the desiderata which 
I have mentioned. The main 
fault, as in adl other twin super- 
imposed systems, was that tney 
were unstable. 

In 1924 the second of these 
helicopters put up very inter- 
esting performances, flying up 
to 700 yards in horizontal flight 
and staying in the air up to a 
maximum of 12 minutes, 
(d) Kartnan Petrosczy, This heli- 
copter was produced during the 
1914-1918 war to replace kite 
balloons for observation pur- 
poses. Its construction was 
carried out under the direction 
of Professor von Karman, the 
wellknown aerodynamic tech- 
nician, and the lifting screws 
were designed by Herr Asboth 
whose work will be described 



later. 

It consisted essentially of two 
superimposed wooden uro- 

EeOers, driven in the first place 
y an electric motor and subse- 
quently by three 120 h.p. Le 
Khone engines. No control was 
provided and stability was 
assured by a 3-cable mooring 

system. With Le Rhone engines 
tne weight was 3,520 lb. of 
which 660 lb. was useful load, 
and the screws were 19.8 ft. in 
diameter. It rose to heights up 
to 150 ft. and stayed in the air 
for considerable periods, the 
maximum being one hour. 
(e) D'Ascamio, This helicopter 
created history in 1930 by being 
the first to make a record recog- 
nised by the Federation Inter- 
nationale in the Helicopter class. 
The following performances 
officially recognised by the 
F.A.I. : — ^Vertical ascent to 60 
ft., a straight flight of 560 
yards, a duration of 8} mins., 
and a closed circuit over 1 kilo- 
metre. 

The aircraft had two super- 
imposed co-axial 2-bladed 
rotors each of 39 ft. diameter 
turning in opposite tenses. The 
blades were articulated, being 
free to flap by being mounted 
on a horizontal hinge, and they 
also had freedom in pitch. They 
were stablised by a small tail- 
plane at the blade tip and their 
angle was controlled by an 
elevator. The aircraft also had 
three small auxiliary variable 
pitch screws, one vertical on 
one side to provide yawing con- 
trol, the others horizontal — one 
at the side to give lateral control 
and the other on the tail for 
longitudinal control and to tilt 
the aircraft for forward flight. 
The aircraft weighed 1,680 lb. 
and the engine developed 95 
horsepower. 
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(f) Asboth, Asboth, to whom I 
have referred earlier in connec- 
tion with the design of the lift- 
ing screws of the Karman 
Petrosczy helicopter successfully 
built and flew four helicopters. 
The fourth aircraft, buut in 
1928, had two wooden screws 
mounted co-axially. Control 
was provided by six surfaces 
movable about horizontal hinges 
and hanging in the downwash 
from the screws. I had the 
great pleasure of personally 
carrying out flight trials on this 
helicopter and I found that it 
was stable and controllable, 
could make a vertical ascent at 
about 300 ft. per min. and 
could hover indefinitely. The 
maximum height attained dur- 
ing trials was about 100 ft.; the 
maximum distance some 3,000 
yds. at a speed of the order of 
12 m.p.h. The aircraft was very 
crude indeed, but it achieved 
considerable success, the one 
feature which was lacking being 
that no provision was made for 
a safe landing in the event of 
engine failure. Asboth, how- 
ever, was convinced that if he 
had had a free wheel incor- 
porated, his special fixed pitch 
screws would have remained in 
autorotation and that a safe rate 
of descent would have been 
achieved. The aircraft weighed 
1,080 lb., the screws were each 
14 ft. in diameter and the engine 
developed about 1 10 h.p. 

2. Paks of Rotors Side by Side. 

(a) De Bothezai, In 1921 de 
Bothezat built the first helicop- 
ter ordered by the U.S. Army 
Air Force. It was a very crude 
affair but, nevertheless, it 
carried out many flight trials, 
and in 1923 it actually lifted a 

Eilot plus passenger. It was too 
eavy, very complex and un- 
stable. 



(b) Oemichen, In 1920 Oemichen 
constructed a helicopter which 
consisted of a fuselage carrying 
an engine driving two lining 
screws each of two blades. The 
sustaining screws were 20.8 ft. 
in diameter, the engine devel- 
oped 25 h.p. and the total 
weight was 750 lb. The air- 
craft was not able to lift itself 
and a small balloon was added, 
therefore, partly to give the 
necessary extra lift and partly 
to stablilise it. With the balloon 
fitted a number of elementary 
flights were made, the maximum 
height reached being 16 ft. and 
the distance in horizontal flight 
60 yds. Following on this early 
attempt, Oemichen built a 
second helicopter consisting of 
four lifting systems with five 
auxiliary variable pitch air- 
screws for control with two pro- 
pellers for propulsion and an 
additional screw in front for 
yawing control. This helicopter 
IS historic because in May, 1923, 
it successfully made several 
flights of from 600 to 700 yds., 
hovered for 5 minutes over a 
fixed point and in May, 1924, 
was the first to cover an offici- 
ally observed closed circuit of 
one kilometre. The maximum 
performance actually realised 
was a flight of 14 mins., a max- 
imum height of 50 ft. and a 
maximum distance of 1,850 
yds., carrying a useful load of 
440 lb. in addition to the pilot. 

(c) Fockd. The first satisfactory 
helicopter was the Fock^ Achge- 
lis type 61 which was demon- 
strated in Berlin in 1937. The 
blades were articulated and 
cyclic pitch control was used for 
longitudinal and directional 
control. For lateral control the 
angles of all the blades of one 
rotor were increased, while the 
angle of all the blades on the 
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other rotor was decreased. The 
aircraft weighed some 2,300 lb. 
and the engine developed 160 
h.p. It held the following 
records recognised by the 
F.A.I.: — 

Height, 8,000 ft. 

Time, 1 hr. 20 mins. 50 sec. 

Speed, 76 m.p.h. 

Distance in closed circuit, 50 

miles. 
Distance cross country, 143 

miles. 

In 1938 Luft Hansa had 
ordered a civil 6-seater heli- 
copter from Fock6 and during 
the war this type was developed 
into a military type, the FA. 
223. Its characteristics were : — 

Empty weight, 7,200 lb. 
Normal useful load, 1,300 lb. 
Max. useful load, 2,300 lb. 
Horsepower, 1,000 b.h.p. 
Dia. of each rotor, 39 ft. 
Max. speed, 110 m.p.h. 
Cruising speed, 80 m.p.h. 
Endurance, 3 hrs. 

During the war also Fock^ 
had commenced the design of 
a large weight carrying type, 
the FA. 284. This type was 
intended to carry armoured 
cars, small tanks, etc., across 
rivers and act as a mobile crane 
for lifting bridge girders into 
place. 

Its estimated characteristics 
were : — 

Horsepower, 2 BWM 801 
engmes each developing 
1,000 h.p. 

Dia. of each rotor, 59 ft. 

Empty weight, 18,000 lb. 

Fuel and oU, 1,560 lb. 

Crew 440 lb. 

Max. freight load, 15,200 lb. 

Total weight, 35,200 lb. 

This project was abandoned, 
after a good deal of design had 
been done, in favour of the 



simpler alternative of building 
two FA. 223 lifting systems on 
to a common fuselage. This air- 
craft also was never built. 

(d) G. /. Weir, Ud, Quite inde- 
pendently of Fock6 and at about 
the same time a small single 
seater helicopter of the same 
general type as the Fock6 was 
built in Glasgow by Messrs. G. 
& J. Weir, Ltd., who were 
associated with the Cierva Auto- 
giro Co. Their designer was 
Mr. C. G. PuUin. In 1939 they 
also built a bigger 2-seater air- 
craft with a Gipsy 200 h.p. 
engine. This aircraft flew suc- 
cessfully and was intended to 
be the basis of yet a bigger 
design to fulfil a definite opera- 
tional duty. Unfortunately, 
owing to the war position, tins 
project had to be abandoned. 

(e) Platt'le Page. Following the 
success of the Fock6 Acngelis 

a)e 61, the U.S. Army Air 
rps ordered its second heli- 
copter from Platt-le Page. The 
aircraft the XRI was engined by 
a Wasp Junior developing 450 
h.p. and weighed about 5,500 
lb. Control, as usual, is by 
cyclic pitch control of the 
blades. The aircraft made its 
flight trials in 1943 but, in 
spite of many tests including 
several flights of quite long 
duration, it is not yet developed 
into an entirely satisfactory 
type^ and official interest in 
America seems to be waning. 

(f) Landgraf, A most interesting 
type with twin side-by-side 
rotors is the Landgraf. It is 
only a small single seater with 
a robjoy 85 h.p. engine and 
weighing 850 lb., being intended 
only as a laboratory aircraft to 
test out principles and to gain 
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experience on which bigger air- 
craft could be designed. It has 
a maximum sp^ of 135 
m.p.h., cruising speed of 100 
m.p.h. and an endurance of II 
hrs. It differs from almost all 
other helicopters in that the 
blades are ri^d and that instead 
of cyclic pitch change of the 
blades — a method which tilts the 
lift vector — the blades are fitted 
with ailerons at the tips. These 
ailerons are deflected cyclically, 
so displacing the lift vector m 
the required sense to give either 
the desired control or transla- 
tion. The arrangement has the 
merit that the centre of gravity 
can be located even at 15% of 
the rotor diameter in advance 
of its axis of rotation, and that 
it is stable longitudinally. 

Trimming n>r variation of 
centre of navity position is sim- 
ple and me response to control 
IS positive without the la^ which 
is characteristic of cychc pitch 
control. 

3. Rotors in Tandem. 

[a) Fhrine. Very great interest 
was created at the Antwerp 
Exhibition of 1930 bv the 
Florine Helicopter. In this air- 
craft the two rotors, as distinct 
from all other helicopters with 
twin rotors, turned in the same 
sense. The torque reaction was 
balanced by tilting the rotor 
axis one to one side the other 
to the opposite. 

b) Piasecki. Piasecki, a young 
American engineer, built a small 
helicopter of the same general 
type as the Sikorsky, and he 
acnieved such success that he 
was given an order for a cargo 
helicopter the now well known 
PV8 Dy the American Navy 
Bureau. 

The estimated characteristics 
of the aircraft are: — 



Horsepower, 550. 

Dia. of each rotor, 41 ft. 

Empty weight, 4,300 lb. 

Freight load, 1,000 lb. 

Total weight, 6,400 lb. 

Max. spe^, 110 m.p.h. 

Cruising speed, 84 m.p.h. 

Endurance, 3| hours. 

This solution is of consider- 
able interest, since it permits us 
to build bigger nelicopters 
economically, by using two of 
the rotors complete with power 
units and transmissions from 
smaller types already devel- 
oped. The configuration itself is 
atso attractive, since it is stable 
longitudinally and permits 
longitudinal trimming over a 
wide range of movement of the 
centre of gravity. 

4. Two Intermething Rotors. 

About 1938 the Cierva Autogiro 
Co. and Dr. Bennett, their Chief 
Technician, had proposed that in 
the interest of reduction of size, 
weight and drag, the hubs of the 
side-bv-side arrangement should be 
brougnt close together with an angle 
between the axes to ensure that the 
blade would not foul during flight. 
This type was never built in Great 
Britain, but the following examples 
have been built elsewhere. 

(a) Flettner. During the recent war, 
Flcttner in Germany construc- 
ted a ^mall 2-seater with two 
intermeshing 2-bladed rotors, 
known as the Fl. 282. It was 
intended to operate from 
cruisers for observation pur- 
poses. 

Its characteristics are: — 

Engine, 140 h.p. 

Dia. of each rotor, 39.5 ft. 

Empty weight, 1,4001b. 

Gross weight, 2,200 lb. 

Max. speed, 90 m.p.h. 

Vertical rate of climb, 300 ft. 
per min. 

Hovering ceiling, 1,000 ft. 
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(biKeUeiL The KeUett Co. in 
America, who were licencees of 
the Autogiro Co. of America, 
have also constructed an air- 
craft, the XR.8, with inter- 
meshing rotors' to which the 
name '* Synchropter " has been 
given. Its estimated chracteris- 
tics are : — 
Engine power, 250 b.h.p. 
Empty weight, 2,140 lb. 
Useful load, 650 lb. 
Total weight, 2,790 lb. 
Max. speed, 105 m.p.h. 
Cruising speed, 85 m.p.h. 
Hovering ceiling, 3,000 ft. 
Max. ceiling in translation, 

13,500 ft. 

Kellett is also building a 

bigger aircraft, the type XR. 

10, which is estimated to have 

the following characteristics: — 

Engines, 2, each developing 

525 h.p. 
Dia. of each rotor, 65 ft. 
Empty weight, 7,500 lb. 
Useful load, 2,800 lb. 
Total weight, 10,300 lb. 
Max. spe^, 125 m.p.h. 
Cruising speed, 90 m.p.h. 
Endurance, 3 hrs. (for in- 
creased duration auxiliary 
tanks are provided, in- 
creasing the endurance to 
61 hrs.). 
Hovering ceiling, 6,000 ft. 
Max. ceiling, 20,000 ft. 
(Note. — In the other load case 
with normal fuel and maxi- 
mum freight of 3,750 lb., the 
total weight is 13,500 lb.) 
5. A Single Rotor with Auxiliary 

Tail Rotor. 
As has been pointed out, the auto- 
giro provided a major contribution 
to the development of the helicop- 
ter. The autogiro possesses all the 
characteristics required by the heli- 
copter and, indeed, in its final form, 
of which the Cierva type C.40 and 
Hafner's Gyroplane are examples, it 
was in fact a helicopter for several 



seconds during take-off. For vertical 
take-off in these types, the rotor was 
over revved with the blades at a 
small angle, then the blade angle 
was suddenly increased and the air- 
craft jumped in true helicopter 
style. After the initial jump the 
blade angles were returned to the 
autorotative setting and the aircraft 
continued in flight as a normal auto- 
giro. 

It is not a matter for surprise, 
therefore, that the helicopters which 
so far have given the greatest success 
have been those like the Sikorsky, 
which have a single articulated 
rotor with an auxiliary rotor at the 
tail to provide torque balance. 

This configuration is not new, 
since in 1925 von Baumhauer in 
Holland constructed a helicopter of 
this type but he used rigid blades 
and, although the aircraft was able 
to rise some few feet and to hover 
for periods up to 5 minutes, it never 
achieved really practical results. 

Oemichen's third helicopter built 
in 1928 used a similar arrangement, 
though, in his case, he provided two 
lateral auxiliary propellers, one at 
the nose and one at the tail on 
opposite sides so as to obtain yaw- 
ing couple rather than a moment, 
(a) Sikorsky, It was left for 
Sikorsky to develop this type 
into a really practical helicopter 
and to create, not only in 
America but throughout the 
world, an enormous mterest in 
the problems connectd with the 
helicopter. 

In 1909 Sikorsky had 
designed a helicopter without 
any success and he turned to 
the conventional aeroplane, 
for which he is very well known. 
In 1938, however, he returned 
to the study of the heli- 
copter. His first type had k 
single articulated rotor with 
three variable pitch rotors at 
the tail ; one turning in the 
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vertical plane was to balance 
torque reaction, and the two 
others turning in horizontal 
planes were for longitudinal 
and lateral control. This type 
was entirely satisfactory and it 
broke all existing world records. 
In ^ite of this success, it was 
in fact only a flying laboratory, 
and during development the two 
horizontal auxiliary rotors were 
replaced by a single rotor for 
longitudinal control, and cyclic 

E'tch control was introduced for 
teial control. This change 
brought about such a great 
improvement in the fl3ang 
characteristics of the aircraft, 
particularly in its control, that 
m the the final form cyclic pitch 
control was used for both longi- 
tudmal and lateral control. By 
the end of the war Sikorsky 
had built three different types 
in addition to the laboratory air- 
craft, known as R.4, R.5 and 
R.6, of which the two latter 
were put into full scale produc- 
tion. 

The R.4, which is probably 
the best known of all helicop- 
ters today, is a 2-seater with 
an engine developing 185 h.p. 
Its normal flying weight is 
about 2,600 lb. including a use- 
ful load of 550 lb. Its maxi- 
mum speed is 82 miles per hour 
and its cruising speed 70 m.p.h. 
The diameter of the main rotor 
is 38 ft. This aircraft, which 
is largely experimental, is under 
powerea and it can only hover 
at a height comparable with its 
rotor diameter, i.e., within the 

ground cushion. In translation, 
owever, its ceiling is of the 
order of 9,000 ft. 

R.6. — ^This is only a refined 
version of the R.4. Its charac- 
teristics are : — 
Engine, 240 h.p. 
Normal weight, 2,650 lb. 



Useful load, 585 lb. 

Max. speed, 94 m.p.h. 

Cruising speed, 8 m.p.h. 

Main rotor dia., 38 ft. 

Max. ceiling in translation, 
15,000 ft. 

R.5. — ^This is a bigger air- 
craft, the first one ever to be 
designed to fulfil an operational 
function, i.e., to carry hydro- 
static bombs for operation 
against submarines, and as a 
means of protecting convoys. 
Its characteristics are : — 

Engine, 450 h.p. 

Normal weight, 4,950 lb. 

Useful load, 1,100 lb. 

Endurance, 4 hrs. 

Max. speed, 106 m.p.h. 

Cruising speed, 90 m.p.h. 

Hovering ceiling, 2,000 ft. 

Max. ceiling in translation, 
14,500 ft. 

Main rotor dia., 48 ft. 

Later Sikorsky modified th^ 
R.5 installing a bigger engine 
developing 500 h.p. and with a 
cabin accommodating six pas- 
sengers. In this case, he 
returned to his original idea of 
a second horizontal tail rotor 
for longitudinal control. He did 
this, not only to improve longi- 
tudinal control and stability, 
but also to give a means of 
trimming the aircraft for varia- 
tions in e.g. position. It is 
understood that Sikorsky has 
abandoned this type and instead 
is building a straightforward 
civil version of the R.5, i.e., 
with normal cyclic pitch control 
and a single tail rotor for torque 
tMiknce. It is this type, known 
as the S.51 which has recently 
been awarded the American 
Civil Airworthiness Certificate, 
(b) Bell. Another interesting Ameri- 
can design of the same general 
configuration is the Bell which 
has several important charac- 
teristics. Contrary to almost all 
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other helicopters, this type has 
a single rotor of 2 blades only, 
the blades being rigid. This 
type of rotor sumrs from 
severe vibration. In the Bell 
type this is not permitted to 
reach the fuselage and passen- 
gers, since the rotor and power 
unit are mounted on flexible 
rubber mountings. The rotor is 
mounted imiversally on a pylon 
and, as the method of cyclic 
pitch control is used, the hub 
tilts with application of control. 
The special characteristic of the 
rotor is the means adopted for 
stabilising. This consists of a 
weighted rod at right angles to 
the blades and mounted on a 
horizontal axis. This rod is con- 
nected to the cyclic pitch control 
mechanism and, acting as a 
gyroscope, controls the attitude 
of the rotor in spite of any incli- 
nation of its axis, while at the 
same time, the cyclic pitch con- 
trol can stSl incline the rotor for 
control purposes at the will of 
the pilot. The control and 
stability of the Bell helicopter 
are reported to be very good 
indeed. A small 2-seater of this 
configuration is being put into 
production and has obtained an 
American Certificate of Air- 
worthiness, and a bigger type 
weighing 4,800 lb. with an 
engine developing 450 h.p., 
accommodating a pilot and four 

Sassengers, is also undergoing 
i^ht trials. Information on 
this aircraft is not complete, but 
it would appear that with a 
bigger rotor considerable vibra- 
tion troubles are being experi- 
enced. 

(c) Hafner. Many years ago, 
Hafner constructed a helicopter 
with very little success. From 
flight trials on this aircraft, he 
appreciated the control prob- 
lems facing the helicopter 



designer and he turned to the 
autogiro as the simplest rotating 
win§ type on which to develop 
his ideas. He arrived at his 
well known Gyroplane which 
used cyclic pitch control and 
gave extremely good perform- 
ance. He has now returned to 
the helicopter and is designing 
a 4-seater with an en^e of 450 
h.p. Its most interestmg charac- 
teristic perhaps is that, as in his 
Gyroplane, the blades are 
mounted on a group of torsional 
rods which not only give a 
frictionless feathering hinge, bat 
also give a torsional restoring 
moment which stabilises the 
blade. 

(d) A variant of this general type 
has been proposed by Dr. 
Bennett, in which the auxiliary 
tail rotor is arranged to autoro- 
tate in the downwash from the 
main rotor. In this way, per- 
haps, we might eliminate the 
power loss which is associated 
with the tail rotor of the Sikor- 
sky configuration. 

6. Single Rotor with Off-Set Trac- 
tor Propeller. 

This type is a variation of the 
general Sikorsky configuration which 
has been proposed by Dr. Bennett. 
In this arrangement the propeller, 
which is used to balance torque reac- 
tion, is mounted as a tractor on a 
stub wing at the side of the aircraft. 
Power for balancing torque reaction 
in cruising flight is thus reduced and 
the torque correcting propeller also 
contributes tractive forces for trans- 
iational flight. The efficiency of the 
aircraft in flight is thus improved 
and the price paid is that the power 
for compensatmg torque reaction is 
increased during hovering. As the 
proportion of the total flight which 
IS spent in hovering is relatively 
smaU, this loss of power is of little 
account. 
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As this type of helicopter is half- 
way between the autogiro and the 
true helicopter, it has been given the 
name ' Gyrodyne.' The main 
points in favour of this configura- 
tion are: — 

(a) Because it uses the torque cor- 
recting thrust for forward pro- 

Eulsion, it eliminates the power 
sses inevitably associated with 
all other methods of torque 
balance. 

(b) The rotor disc is little if ever 
forwardly inclined, even at top 
speed, and there is thus no need 
to increase the blade angles to 
compensate for the reduced 
angle of attack which is caused 
by the axial flow through the 
rotor. This has two very defi- 
nite advantages. 

(i) The blade angles are always 
within the autorotational reg- 
ime, so that autorotation is 
automatic in the event of 
power unit failure, 
(ii) It eliminates the possibility 
of blade tip stalling and tlie 
dissymmetry associated with 
a tilt of the tip path plane, 
so that while a true helicopter 
becomes progressively rough- 
er and less efficient with in- 
creasing speed, the Gyrodyne 
remains as smooth * and as 
efficient as the autogiro under 
all flight conditions. 
It can be disclosed that a 4-seater 
Gyrodyne is at present under con- 
struction, but it is not permissible 
to give details. 

7. A Single Rotor with Surfaces in 
die Downwash from the Main 
Rotmr* 

About 1938 Hafner was designing 
a helicopter with a rotor of low solid- 
ity and high rotational speed, in' 
which the fuselage was of twisted 
aerofoil shape in order to provide 
torque balance. Owing to war con- 
ditions, this type was not completed. 



8. A Single Rotor with Jet Reac- 
tion at the Tail. 

An example of this type of heli- 
copter is one designed by Mr. C. G. 
PuUin and constructed by the Cierva 
Autogiro Co., which is now under- 
going its trials. Quite apart frcmi 
the jet reaction at the tail, this tyue 
is of interest because control is ob- 
tained by tilting the entire hub which 
is mounted on a spherical joint of the 
" constant velocity " type, and that 
the articulations are of tne type with 
two inter-coupled hinges so arranged 
that any tendency of the blades to 
flap is converted into pitch change. 
Tms arrangement was proposed in 
order to get a rotor which would be 
automatically stable in gusts. 

9. A Single Tofqueieas Rotor. 
The most attractive single rotor 

helicopter, because of its mechan- 
ical simplicity, would be one with 
i'et reaction motors at the tips of the 
»lade, because, in that case, there 
would be no torque reaction and no 
need for any torque balancing device 
which inevitably involves some loss 
of power. It IS also advantageous 
in that it eliminates clutches, free 
wheels, gearing and transmissions, 
and so reduces the bare weight of the 
aircraft. 

One of the first to realise the ad- 
vantage of this type was Monsieur 
Isacco, but, in tne absence of jet 
reaction devices, he was forced to 
use reciprocating engines with pro- 
pellers mounted on the blades. In 
his type, each blade was essentially 
a small monoplane with its own aero- 
dynamic controls and power units 
mounted universally on a hub, and 
so constrained to move in a circular 
path. Isacco called this type the 

Helicogyre.' 

The first aircraft which he con- 
structed was a single seater with a 
2-bladed rotor 41 ft. diameter, each 
blade carrying a small engine develo- 
ping 30 h.p. I had the great 
pleasure of personally carrying out 
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flight tests on this aircraft and I can 
say that, weighing 1,320 lbs., it was 
just capable of hovering close to the 
eround. I was not able to attempt 
tree flight in the open, but my tests 
were made in a large airship shed, 
and with quite a small forward 
velocity I was able to get the aircraft 
airborne, when it proved to b: 
stable and cbntrcdlaUe. Isacco, in 
point of fact, never intended this 
type ta be a true helicopter, i.e. 
capable of hovering, but rather 
postulated that it shoidd always have 
a small forward speed which, of 
course, greatly increases lift effici- 
ency and, for this reason and with 
the same underlying idea as in the 
Gyrodyne, he fitted a forward trac- 
tor engine and propeller, so that the 
rotor axis should always remain 
vertical. 

Another aircraft of this type was 
built in Great Britain in 1929 this 
time with a 49 ft. diameter rotor with 
four blades each with an engine of 
40 h.p. The total weight was 2,420 
lb. and it proved to be just capable 
of supporting itself close to the 

S>una. Its trials, unfortunatelv* 
d to be terminated because the 
engines would not run for more than 
a few minutes because of difficulties 
of lubrication and carburation, due 
to the intense centrifugal field in 
which they were operating. 

One has to admit, I think, that 
Isacco was in advance of his time 
and that if he had had satisfactory 

Sower imits, his type could have 
own satBfactorily. 
Nagler-Rolz, During the war 
Nagler and Rolz in Austria built a 
baby helicopter of this same general 
type. It had a 2-bladed rotor 13 ft. 
diameter, each blade carrying an 8 
h.p. engine. The gross weight in- 
cluding 220 lb. for pilot and fuel, 



was 312 lb. The designed forward 
speed was 50 m.p.h. and the esti- 
mated vertical climb 480 ft. per min. 
During the war many inventors 
have tried to use jet reaction, but the 
only aircraft within my knowledge 
which has flown succe^fuUy is the 
Doblhoff, also constructed in Aus- 
tria. The principle employed here 
was to drive a compressor from a 
normal reciprocating engine. The 
compressed air was mixed with pet- 
rol vapour and the gases ductea to 
the blade tips where they were 
burned in combustion chambers. 
This aircraft had undergone some 
25 hrs. testing in hovering flight and 
made a few flights in translation up 
to some 20 m.p.h. The main dis- 
advantage was that the fuel con- 
sumption was prohibitively high. 
Until it was found possible by devel- 
opment to bring down the fuel con- 
sumption to a more reasonable level, 
it was Doblhoff's intention to fit a 
propulsive screw which could be 
clutched in as required. The jet 
would then only be used for landing 
and take-off as a helicopter, the air- 
craft bein^ flown as an autogiro in 
cruising flight. 
10. Oscillatiiit Rotors. 

A method of driving rotors which 
would be free from the usual torque 
reaction was suggested some years 
ago by Count Korwin. He proposed 
a pair of articulated rotors mounted 
co-axially and in which the two 
rotors were oscillated along their 
axes. The claim was made that not 
only would this provide a drive for 
the rotors, but that the flapping of 
the rotors would give an increaused 
contribution to lift. This, of course, 
is not true, and the method is not 
likely to be practicable though it 
is of interest as showing another 
* method for a torqucless drive. 



In proposing a vote of thanks for this Inaugural Lecture, The Chairman^ Mr. 
H. A Marshy felt all would agree thai it was a very good beginning to the 
Association's activities. The Sikorsky film was then shown. 
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HELICOPTER RESEARCH AND 



DEVELOPMENT 

by C. G. PULLIN, f.r.ms.. MjjAech,E. 

Lecture given on November 9th at Manson House, Portland Place, 
London, before Members of the Helicopter Association and Visitors from 

the Royal Aeronautical Society. 

INTRODUCTION BY THE CHAIRMAN 

Ladies and Gentlemen, I feel that an introduction to our lecturer this 
afternoon is hardly necessary, as I am sure he is well known to most of 
you, but perhaps one or two may not be so well acquainted either with 
his background, or his work in rotating wing aircraft. 

Mr. Pullin is the Managing Director and Chief Designer of the Cierva 
Autogiro Co. Ltd., a Founder Memb3r of our Association, a Fellow of the 
Royal Aeronautical Scciety, and a Member of Ihe Institute of Mechanical 
Engineers. He has been actively engaged in the research and develop- 
ment of rotary wing aircraft since 1932, but his interest in aviation 
goes back to pre-1914 when he leanlt to fly at Brooklands in the good 
old days. He has been engaged in engineering for about 30 years, 
covering in this time, several of its different branches. 

After the lecture, Mr. Pullin will show a short film depicting various 
stages of test work on rotary wing aircraft, and if time permits, a short 
penod wiU be devoted to answering questions. Some of these Mr. Pullin 
nopes to be able to answer here, but others may require written answers. 

May I take this opportimity of welcoming our guests this afternoon 
who, I feel sure, will be well rewarded for coming along. 

Mr. PULLIN:- 



Mr. Chairman, Ladies and Gentle- 
men, 

I must first thank the Chairman 
for his Idnd introduction, and I 
should also like to take this oppor- 
tunity of according my appreciation 
of the opportunity given to me to 
speak before Members of the Asso- 
ciation and visiting Members of the 
Royal Aeronauticsu Society. 

As some of you are aware, I have 
been associated with rotating wing 
aircraft since early in 1932, com- 
mencing of course with the Autogiro. 
As I think I may claim to be the 
misguided individual mainly respon- 
sible for the first practical research 
and development prop;ramme of 
helicopters in Great Bntain, I feel 



somewhat justified in giving a rela- 
tively brief resume of me work with 
which I have been entrusted over 
the past fourteen years. 

As regards the Autogiro or Rota 
plane, so much has been written 
from time to time that I propose to 
confine this lecture to the nehcopter, 
but before doing so, I should like 
to express my appreciation of the 
splendid work of the late Juan de 
la Cierva which has enabled the 
helicopter to become a practical 
entity in the field of aviation. It is 
also a fitting occasion to mention the 
valuable support given to Cierva by 
Mr. James Weir, which put the 
development on a sound basis. Mr. 
Weir nas also contributed many 
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important mechanical improvements 
and his keen technical interest repre- 
sents a monument of encouragement 
to all engaged in the particular 
" art." I must also include Mr. 
Harold Pitcaim, who formed the 
Autogiro Company of America and 
is responsible for the introduction of 
rotatmg wing aircraft in the U.S.A. 
The latest example of The Autogiro 
Company of America, is the heli- 
copter built under licence by the 
G. & A. Aircraft Incorporated, 
branch of the Firestone fyre & 
Rubber Co. Inc . 

There appears to be a general im- 
pression thiat the development of 
the helicopter has received more 
attention in the U.S.A. than in this 
country. Whilst this may be true 
from ihe purely practical aspect, I 
will leave it to my audience to for- 
mulate their own opinion at the 
conclusion of this Meeting as to 
whether we have lagged behind in 
the scientific investigation and 
engineering development. 

The previous lecturer, Group 
Captam R. N. Liptrot, C.B.E., 
dehv.ered a most interesting talk on 
the Historical Development of 
Helicopter Aircraft, and from which 
it was quite apparent that no one 
particular configuration could be 
considered as a pre-eminent solution 
to the problem of helicopter flight. 
There are, for instance, many 
arrangements of single and multi- 
rotor helicopters in practical use to- 
day, but all employ the same funda- 
mental principle. Fortunately, as it 
now transpires, the lift derived 
from the downward acceleration of 
a mass of air did not form the sub- 
ject matter of a valid patent, with 
the result that this principle of 
direct lift is today exemplified in so 
many forms. 

In the early days of aviation, the 



helicopter received much attention 
by scientists and inventors through- 
out the world, and it was soon estab- 
lished that no great difficulty would 
be experienced in obtaining substan- 
tial lift. However, owing to the un- 
satisfactory power weight ratio of 
the power plant, not to mention the 
relatively heavy power unit installa- 
tion and transmission system, the 
fullscale aircraft then constructed 
were only capable of " swimm*ing " 
a few inches above the ground. Sub- 
sequent development of the Internal 
Combustion Engine, also the use of 
special materials, the power weight 
ratio of the complete aircraft was so 
much improved that there appeared 
to be adequate lift to rise some hun- 
dreds of feet from the ground. 
Following upon this advance, the 
' development was hampered by the 
state ot reliability of the prime 
mover and transmission. Here again 
the excellent methods of the A.I.D. 
applied to the control and manufac- 
ture of aircraft engines and compon- 
ents, resulted in reducing this haz- 
ard to a negligible quantity. Never- 
theless, the potential danger still 
remained until the principle of auto- 
rotation came to the rescue (thanks 
to the work of the late Juan de la 
Cierva and his Associates), which 
made it possible to continue the de- 
velopment of this most attractive 
form of aerial vehicle. I presume it 
is common knowledge that in the 
event of mechanical failure, the 
helicopter rotors will cease to re- 
volve and the machine will plunge 
to earth in a most unsatisfactory 
manner. By making provision for a 
change of blade angle to that neces- 
sary for autorotation, it becomes 
possible to glide safely to earth or 
even make a vertical descent. The 
latter, even in the hands of a really 
bad pilot, would not mean more 
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than a visit to the hospital rather 
than a permanent one to the 
Cemetery. As regards the actual 
change of blade angle, this should 
be i^ualified by saying, that with 
certain projects, such as the ultra 
high speed rotor, it may be un- 
necessary to change the blade angle 
as the incidence for helicopter opera- 
tion is of such a low order as to be 
suitable for that of autorotation. 
especially the type of helicopter 
blade that has a built-in wash-out 
of incidence as from root to tip. 

From the foregoing remarks, it 
will be readily understood that an 
experimenter in the " art ". with 



existing data at his disposal, can 
build a rotor to give sufficient lift 
for his purpose, but having done so, 
becomes a menace to himself and to 
any person or persons within the 
vicinity of his testing ground. I am, 
of course, referring to the difficulties 
of stability and control of the air- 
craft when airborne. 

At this stage I feel it necessary to 
apologise for this rather lengthy in- 
troduction, but there are, I believe, 
some fortunate members of the 
Association in the audience this 
afternoon, that have joined the 
development at a comparatively 
recent stage. In going back over the 
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past years, I realise, as one of the 
pioneers engaged in the develop- 
ment of this type of aircraft, the 
grave risks undertaken by Members 
of my Staff and also my first Test 
Pflot. The anxiety to the Designer 
when the machine first leaves the 
ground and perhaps flies round the 
field for the first time, is very great. 
Minutes seem to be as hours and the 
relief when the aircraft safely lands 
must be experienced to be fully 
appreciated. 

On one occasion in 193S, the 
small 50 h.p. side-by-side Weir W.5, 
inadvertently discarded a rotor 
blade which sailed along over the 
heads of the well ordered ranks of 
some 100 R.A.F. recruits, fortun- 
ately without damage to anything 
but the aerodrome and the blade 
itself. I feel sure, had Julius Caesar 
witnessed the occurrence, knives on 
chariot wheels would have become 



obsolete. Again, when testing for 
maximum speed, which by the way 
was in the order of 70 m.p.h., the 
pilot attempted a banked turn at 
the end of the straight run but 
instead the aircraft decided to make 
a power-dive from 150 feet. The 
pilot operated every available con- 
trol to pull the machine out before 
it hit the ground but his efforts being 
unsuccessful, resigned to await the 
unwanted but very necessary bump. 
To his surprise, and to the amaze- 
ment of the few onlookers, the air- 
craft appeared to take advantage of 
the ground cushion eflect, straight- 
ening out into a nice flat glide across 
the field. 

On another occasion, when dem- 
onstrating the flying capabilities of 
the same machine, the tail wheel 
and oleo dropped off when on the 
fifth circuit of the football field at 
some 200 feet from the ground. 




In coDcLusion of this introductioD 
uid before I proceed with perhaps 
some of the more interesting detaib 
of development, I must apologise 
for being unable to exhibit any col- 
ourful films of flight testing or dem- 
on trations, but on the o£er hand, 
most of the slides that will be shown 
on the screen, have in their devel- 
opment, merited the colourful 
remarks of those engaged in their 
conception and practical applica 
tion. 



The pilot was quite unaware that 
he had lost what would once have 
been considered as quite an import- 
ant part of the aircraft, finally 
making the usual soft heUcopter 
touchdown but at a slightly in- 
creased ground angle to that for 
which tne machme had been 
designed. With the larger edition 
of the same type, i.e., the Weir 
W.6, whilst hovering some 50 
feet from the ground, one of the 
rotor blades broke away at the root 
end which incidentally caused much 
perturbation as the factor of safety 
was considered to be adequate. 

The pilot and his passenger on 
this occasion made a wonderful tail 
slide landing, being finally ejected 
through the bottom of the fuselage. 
I believe the marks of their passage 
through the machine are in existence 
today, but not of course, on the air- 
field. 

As a point of interest, I might 
mention that the Test Pilot's licence 
was subsequently endorsed for heli- 
copter flight and it may therefore be 
put on record that outside of Ger- 
many he was, I believe, the first 
officially recognised helicopter pilot. 
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I will deal with the subject which 
seems to be pre-eminent in the 
minds of those associated with the 
" art " either as inventors, designers 
or practical operators. I refer to the 
problem of torque balance. In dis- 
cussing a new helicopter project, the 
first question asked is, what method 
is employed for torque balance ? 
Why so much attention is focussed 
on this is rather curious, as the 
engine power expended for instance 
with the tail airscrew or even tail 
jet, is quite marginal. The interest 
perhaps is associated with the 
remote possibility of securing torque 
balance by some inceptive influence 
outside the aircraft or by a cunning 
arrangement of components to 
achieve the desired results at zero 
cost. A great number of ingenious 
schemes have been proposed, some 
even in practical form, but no sat- 
isfactory solution has been found 



apart from the generally known and 
accepted examples as in use today. 
As most of you are aware, the neces- 
sity of torque balance is substanti- 
ally eliminated by the use of 
multi-rotors, whetlier side-by-side, 
co-axial or star plan configuration. 
It will also be understood, that in 
the case of the Autogiro, the rotor 
being self driving under aero- 
dynamic influence, does not pro- 
duce any reaction in the body of the 
aircraft about the rotor or yawing 
axis. The same may be said of the 
helicopter rotor propelled by reactive 
thrusts from jets or slots formed in 
the rotor blades. Strange as it may 
seem, my recent experiments indi- 
cate that the complete elimination 
of rotor torque reaction is inadvis- 
able, which will be gathered from 
Eirticulars of tests to be described 
ter. 

In 1937, ! proposed to the Direc- 
tors of Messrs. G. & J. Weir. Ltd.. 
licencees of the Cierva Autogiro Co. 
Ltd.. that the Autogiro development 
work, with which I was entrusted, 
should be extended to the helicopter. 
The German Company of Fock« 
Aghelis, licencees of the Cierva 
Autogiro Co. Ltd., were, at that 
juncture, making practical tests of a 
twin rotor, side-by-side helicopter. 
At the request of the Ministry of 
Aircraft Production, an endeavour 
was made to secure a duplicate 
machine for experimental tests in 
this country, but the price was pro- 
hibitive and delivery somewhat 
protracted. At my suggestion, 
Messrs. G. & J. Weir. Ltd., agreed 
to build a research helicopter and I 
received instructions to investigate 
the possibilities late in 1937. The 
first study was concentrated upon 
the two rotor superimposed 
arrangement, but the then apparent 
difficulties of securing unhampered 



blade articulation, or let ua say foul- 
ing of rotor blades, appeared to be 
very severe. Control and stability 
problems were the main reason why 
the project was discarded. It will 
be noted that I evaded the difficul- 
ties of torque balance by the oppo- 
sitely loming superimposed rotors. 
Having realised that the major 
problem was one of control and 
stability, the obvious solution was to 
place the rotors on either side of the 
fuselage. Turning in opposite sense 
would deal with the question of tor- 
que balance, so that control and 
stability could be studied in a more 
appropriate maimer. 

As I am now dealing with the sub- 
ject of torque balance, which if not 
eliminated completely, is simplified 
by the use of multi-rotors, it would 
perhaps be fitting to briefly examine 
such types. There are many possible 
arrangements of multi-rotor helicop- 
ters and it is obvious that the twin 
side-by-side type can be re-arranged 
so that the rotors are fore and aft, 
i.e. the tandem arrangement. 




•r fnltlit htllcafilKr, 

Then again we may use three 
rotors, the plan form geometry 
giving a relative spacing of the 



rotors of 120 degrees. This, incident- 
ally, becomes interesting, because it 
is possible to have two of the rotors 
turning in opposite directions and 
thus cancelling domestically their 
torque reaction, leaving one rotor, 
or let us say one third of the total 
torque, to be balanced. This can be 
achieved by a slight inclination of 
the rotor axis producing a force at 
right angles to the lift to balance the 
torque. A further possibility is to 
have all three rotors turning in the 
same sense, dealing with a resultant 
torque reaction by a slight tilting^ of 
the rotor axes against the direction 
of the torque reaction. This pro- 
posal I have adopted for the three 
rotor helicopter to be known as the 
' Air Horse ' and now under con- 
struction by tiie Cierva Autogiro 
Co. Ltd. With this arrangement 
there are, of course, a number of 
apparent advantages, the chief per- 
haps being the constructional gain 
arising from the interchangeability 
of rotor blades, rotor hub compon- 
ents, etc. Thfa is quite an important 
feature when considering service and 
maintenance, apart from reduced 
cost of production, esoecially where 
jigs, tools and moulds, as for the 
rotor blades, are involved. There is 
abo an indication that, purely from 
die stability angle, the three rotors. 
turning in the same sense, gives the 
optimum arrangement. 

Powered model tests now in hand 
are confirming such contentions. 

Before tuminc to the single rotor 
machine, I would like to emphasise 
an important point, althoufi:n it is 
purely a secondary effect. When the 
axis of a rotor is inclined from the 
vertical, we get a resultant torque 
reaction about the rotor axis. As a 
simple explanation, we might take 
the case of a normal fixed wing air- 
craft fitted with an airscrew in the 
nose of the machine. 



When the airscrew is running 
there is a torque reaction in the 
opposite sense around the longitudi- 
nal axis of the machine. This tends 
to lift one wing and depress the 
other, a feature well known to air- 
craft designers and pilots. If we now 
turn the axis of the engine crank- 
shaft through 90 degrees so that the 
airscrew is above the fuselage, we 
have, of course, an arrangement 
similar to that of the helicopter. The 
torque reaction is now present in the 
fuselage about the yawing axis. Let 
us now choose a iX)sition for our 
engine crankshaft axis 45 degrees 
from the horizontal. The torque re- 
action is consequently divided 
between the yawmg and rolling 
axes. From this it will be understood 
that if we take a normal helicopter 
and incline our rotor axis in a for- 
ward direction, also assuming the 
rotor is turning in an anti-clockwise 
direction looked at from underneath, 
there will be a residual torque re- 
action tending to roll the machine to 
port. On the other hsmd, should the 
rotor axis be tilted to port, then the 
residual torque reaction will tend to 
raise the nose of the aircraft. This 
is a very important effect and intro- 
duces many practical difficulties in 
stability and control. I have men- 
tioned this phenomena as some 
designs have been proposed and are 
in the course of being built with the 
rotor axes set in inclined positions. 
The secondaries arising from such 
an arrangement must be eiven every 
consideration. No doubt you are 
aware of the close meshed side-by- 
side rotor arrangement, originally 
proposed by the Cierva Autogiro 
Co., Ltd., and subsequently made 
by Flettner in Germany and Kel- 
lett in the U.S.A. In this case, 
even the small included angle 
between the rotor axes introduces 
difficulties with control and stabil- 
ity. 



37 



In the single rotor class helicopter, 
I will at fiist refer to the type put 
into practical operation liy l!gor 
Sikor^cy. I should like to pay 
tribute to Sikorsky's work, mainly 
in connection with the practical 
application of the helicopter and the 
tail rotor system of torque balance 
in particulax. It was, of course, 
proposed many years ago ami 
decried by some engineers who 
suggested that it was impossible to 
balance a moment by a couple. 
This, of course, is true, but is not 
the end of the story. Placing a small 
rotor some distance from the main 
rotor axis, i.e. at the tail end of the 
fuselage, does not in itself balance 
the torque as we are left with a 
force in a lateral sense, which in 
turn must be balanced by tilting the 
rotor axis so as to introduce an 
ecnial force in an opposite direction. 
When this is done and assuming the 
aircraft h airborne, it may be said 
that the machine is now constrained 
in aerodynamic equilibrium. Any 
change in the value of the constrain- 
ing influences, such as those arising 
firom an alteration of mass trim of 
the aircraft or by wind differentials, 
necessitates a re-adjustment of the 
balancing forces or in other words, 
application of control. With the 
time at my disposal I shall not be 
able to adeauately deal with other 
possiUe methods of torque balance 
of the single rotor machine which 
are of sufficient importance to 
warrant comprehensive treatise, but 
I win mention some of the work of 
the Ckrva Autogiro Co. Ltd., that 
has been carried throu^^ under my 
direction in recent years. I will refer 
to: 

(1) The paddle wheel type of tail 
rotor, which when fitted with 
cyclic and collective pitch 
can give a directed thrust 
reaction for the purpose of 
control about the yawing and 



pitching axes. For reference 
I quote the Voith Ssrstem of 
Prq)ul8ion. 

(2) Torque balance by means of 
two tail rotors tuiving their 
axes inclined in an appropri- 
ate manner to give a similar 
effect to the paddle wheel. 

(3) A tail rotor capable oi having 
its axis tumea through 220 
degrees in the plane of azi- 
muth. 

(4) A tail rotor with a fixed inclin- 
ation of its axis in some 
specified direction to elimin- 
ate some of the difficulties 
associated with forward 
speed of the aircraft. 

As my time is limited, I will con- 
clude the subject of torque balance 
by referring to the Cierva Com- 
pany's research helicopter W.9. 

Here torque balance is achieved 
by reactive thrust from a jet located 
at the tail end of the fuselage. Dur- 
ing the last two years practical tests 
may be considered as very satis- 
factory. 

Torque balance and yawing con- 
trol is adequate and the system par- 
ticularly smooth throughout the 
speed range. Service ana mainten- 
ance has been cut to a negligible 
amount also a reduction of construc- 
tional weight b gained. 

Ground handling is of course 
greatly improved and the ability to 
make the approved form of Autogiro 
landuig is particularly us^ul. Rapid 
deceleratioiji when ^ing as a heli- 
copter near the ground is also 
possible as there is no tafl rotor to 
protect and the aircraft can be 
landed tail wheel first or in the case 
of a nose whed the tail skid or 
bumper may be used. 

An additional and very important 
advanta|;e is the accommodattion of 
longitudinal shift of the e.g. by 
means of the tail jet deflectors. Con- 
trol of the deflectors produces a 
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component force to raise or depress 
the tail of the machine at will. This, 
in conjunction with in appropriate 
system of rotor control, eliminates 
the necessity of flying the aircraft on 
attitude, i.e. the fuselage can remain 
on an even keel during acceleration 
from hovering, when decelerating or 
during forward speed. 
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14. Cwrva W.f C^ty »(■>>* wui (200 h.M. 

This jet system, when subjected 
to the merciless guillotine of the 
mathematician, appears very un- 
economical, but proper evaluation 
can only be established when all the 
accompanying advantages are 
placed in the scale pan. Owing to 
the relatively high velocity of the 
e&luent, about 150 ft. /sec. the loss 
of kinetic energy is greatly in excess 
of that of the low velocity sUp 
stream of the small tail rotor. To 
balance this, the heat dissipated by 
the engine cylinders and exhaust 
gasses is utilised, admittedly at low 
thermal efficiency, to increase the 
reactive thrust, with a consequent 
reduction of the fan h.p. As some 
65 per cent, of our fuel energy is 
wasted in the cooling system and 
exhaust gasses, we can, even at low 
efficiency, regain some useful horse 
power or its equivalent. In the case 
of W.9, when hovering, this 
amounts to approximately 9 h.p. the 
heat, of course, increasing the vel- 
ocity of the effluent at the jet. 
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It is important to understand that 
the heat is added after compression 
of air by the eBluent fan, which 
operates in this case at pressure 
datum of approximately .35 lbs. 
above atmospneric pressure. 

Assuming the aimropriate tail 
rotor was htted to tots machine, in 
hovering the jet system would 
require an additional 2.5 h.p., which 
trajislated into terms of lilt on the 
machine in question, at say one 
rotor diameter from the ground, 
would represent some 42| lbs. This, 
incidentally, would be more than 
saved in constructional weight. At 
cruising speed the efflueot fan, 
having variable pitch blades, is 
feathered so that the aerodynamic 
rudder and directional properties of 
the fuselage are in action, the result- 
ant drag being equivalent to 
approximately 2.3 per cent, of the 
h.p. required for the cruising condi- 
tion- 
It may be appr(q>riate to intro- 
duce at this juncture, the advant- 
ages and disadvantages of geariiig 
the tail rotor to the main rotor. It 
is admitted that in an emergency 
vertical descent the tail rotor gives 
control about the yawing axis, 
which is most important if the 
machine is to be positioned correctly 
especially if drift is present prior to 
landing. On the other hand, the tail 
rotor is equivalent to a brake on the 
main rotor and is to some extent 
r^ionsible for the high rate of ver- 
tical descent of some of the helicop- 
ter aircraft now in use. It may be 
argued that the taO rotor blades 
w^n set at zero pitch w31 not take 
any appreciable powa* from the 
main rotor. Even the windage of 
the feathered tail rotor produces a 
torque reaction about the rotor axis 
so that some pitch is required to 
effect balance about the yawing 
axis. A figure of 3.5 h.p. baa been 
cftlculatod for a given madiine and 
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the equivalent brakinf torque is thus 
applied to the sensitive autorotating 
rotor, I have neglected the gliding 
case with the tail rotor positioned 
for autorotative effect. 

In the case of W.9, the free wheel 
is in the rotor bub so that the efflu- 
ent fan becomes inoperative during 
an emergency landing under auto- 
rotative conditions. Intentional 
autorotation can be enjoyed as the 
pitch range of the fan blades permit 
even a slight reversal of the flow at 
the jet orifice. In pure vertical 
descent, as say from 80 feet, the 
aerodynamic rudder of W.9 would 
be substantially inoperative. The 
aircraft is consequently fitted with a 
final positioning device in the form 
of two fluid jets connected with a 
small accumulator, charged to a 
pressure of 3000 Ibs/sq. in. The jets 
are brought into action by an emer- 
gency button but under the control 



of the normal rudder pedals. A 
supply of one gallon of fluid is suf- 
ficient for the requirements and last- 
ing some 10 seconds and at a rate 
of vertical descent of say 40 ft. /sec., 
we have sufficient yawing control as 
from 400 feet above the ground. The 
total weight of the apparatus is less 
than 20 lbs. On this particular 
machine the hydraulic components, 
including the fluid, are already 
available as part of the servo rotor 
control system. 

In spite of the shortness of time 
at my disposal, I feel I should say 
a few words regarding torque 
balance by means of aerodynamic 
surfaces located in the slip stream 
of the rotor. The calculations as to 
the amount of surface required aie 
comparatively easy when the slip 
stream velocity is known. On the 
score of efficiency this velocity will 
be of a relatively low order, and in 



the experiments I have in mind 
was within the region of 40 ft. /sec. 
The location of the aerodynamic 
surfaces in relation to the rotor is not 
so easy, it being very difficult to 
establish the axial distance from the 
plane of the rotor where the slip 
stream is fully developed. I under- 
stand that full scale tests had been 
conducted by HaJfner, Fock6, Platl 
and others, but I was detennined to 
carry out a theoretical and practical 
investigation, the latter in model 
form, to ascertain as to whether the 
method represented a possible solu- 
tion. 




The model constructed for test is 
that shown on the screen, but was 
first designed to have only one sur- 
face which should have been ample 
for the purpose, ttie duplication 
being added subsecjuently. For the 
purpose of convenience, the actual 
rotor with articulated blades was 
mounted on the driving shaft of an 
electric motor, the fuselage being 
suspended underneath on anti-fric- 
tion bearings to permit freedom 
about the yawing axis. A single 
horizontal hinge allowed the model 
to turn about the pitching axis, the 
whole being supported in the wind 
tunnel. Moments about the yawing 
and pitching axis could be taken 
whilst under the influence of the 
rotor shp stream. Sufficient freedom 
was also avaihble to allow the 
model of the fuselage to rotate 
through 360 de( ees in azimuth. The 



floor of the tunnel was adjustable 
from two rotor diameters from the 
plane of the rotor to within a quarter 
of the rotor diameter. To describe 
the full details of the test is beyond 
the scope of this meeting, but I am 
sorry to say the results were most 
disappointing. Briefly, it appeared 
that when the complete model was 
free to enjoy full symetrical rotor 
circulation, the aerodynamic sur- 
faces could be adjusted to balance 
the torque reaction, the torque 
moment of the model being checked 
against the torque reaction of the 
motor casing. As soon as the adjust- 
able floor was brought within one 
rotor diameter of the plane of the 
rotor, strange things began to hap- 

Een, the torque reaction became un- 
ilanced and on one occasion was 
over determined. Even a rectangu- 
lar hole in the wall of the tunnel 
some 15 in. square, to accommo- 
date the balance arm of the model, 
would, when the fuselage was free 
to spin, create an effect suflicient to 
momentarily arrest the model for 1 
to 2 seconds. As a point of interest, 
the area of the aerodynamic sur- 
faces in relation to the disc area 
was, in the case of the single sur- 
face, some 7.15% and when dupli- 
cated U.3%. I am not suggesting 
that it is impossible to eventiully 
reach a solution by this approach, 
although I am very doubtful 
whether precision flying near the 
ground would be possible. The 
German DublhofE hehcopter with 
jet reaction from the blade tips and 
employing aerodynamic surfaces for 
yawing control only, was shown on 
the screen during Captain Liptrot's 
lecture. The erratic displacement 
of the aircraft when a few feet from 
the ground confirmed in full scale, 
the tests I conducted in the wind 
tunnel. I understand that Dubl- 
hoff's latest helicopter has discarded 
the aerodynamic surfaces for a tail 
rotor driven from the main rotor. 
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purely for the purpose of adequate 
control about toe )rawing axis dur- 
ing hoTering and when in slow 
translational flight. 

To conclude this brief resum6 of 
torque balance, it now appears, that 
if we completely eliminate torque 
reaction in the body of the aircraft, 
we have lost control about the yaw- 
ing axis when hovering or fl3dng 
close to the ground. It thus be- 
comes necessary to provide mediani- 
cal means for yawing control, as 
for instance, in the form of a small 
tail rotor or fan. A further impor- 
tant point is the effect on stability 
and control, which will be d^t 
with later. 

Rotor Blade Moiintnij 

This may be divided as 
follows: — 

1. Non articulated rotor blades, 
commonly called the rigid 
rotor, wmch of course is a mis- 
nomer. 

2. Fully articulated rotor blades. 
We find many combinations in 

use to-day and from my experience 
I am in favour of the fully articu- 
lated rotor blade system. In con- 
nection with this, it must be 
understood that the rotor blade or 
blades must be fully articulated 
under all airborne conditions. The 
only time that one degree of free- 
dom may be lost is during the initial 
stage of starting the rotor, when of 
cotuse, the blades will lag on to the 
back stops. There is a definite 
reason for this requirement of free 
articulation and although it may be 
said the helicopter is incapable of 
being stalled in the same manner as 
a fixed wing aircraft, nevertheless, 
it is possible to stall the rotor imder 
certam conditions of helicopter and 
Autogiro flight. This would mainly 
be attributed to an error of pilotage 
or lack of appreciation of the neces- 
sary blade pitch or angle of inci- 
dence to d^ with intentional or 
emergency cases. I wish particu- 



larly, to refer to individual blade 
stalling brought about by a am- 
catenation of circumstances, which 
would normally cause a blade or 
blades to staU. With the freely 
articulated blade this can be 
avoided by the upward flapping 
movement giving a virtual reduc- 
tion of blacte incidence and thaidcs 
to its curvilinear path is soon 
oat of immediate oanger. This, 
I believe, is termed by our 
American friends as " sailing " 
of the rotor blade. The required 
freedom is quite considerable and a 
lack of appreciation of this require- 
ment was responsible for the loss of 
the rotor blades on my eariy experi- 
ments with heUcopters W.5 and 
W.6. In both in^ances drag and 
flapping freedom was approximately 
halflof that necessary to meet tble 
omditions. In the case of a three 
bladed rotor, if one blade becomes 
stalled the inertia torque of the other 
two blades is of such magnitude as 
to cause the stalling blade to break, 
either at the root end or approxi- 
mately at half the blade radius, 
unless it is free to " sail " about its 
articulated restraint. I have recent 
evidence of helicopter Uades that 
have been forced against tl^ top 
flapping stops indicating a vertical 
flapping di^lacement ol the Uade 
or iMades of over 37^ from the hori- 
zontal. Knowing all the relevant 
parameters and taldns the coning 
angle as 6^ it is possible to equate 
the kinematics and the resultant 
portent. 

With such large orders of flapping 
displacement an examination of the 
control mechanism is advisable. If 
we take the usual blade control arm 
mounted near the root end of the 
blade and assuming the upward 
flapping displacement was 90 , thm 
the swash plate control mechanism 
becomes inoperative. Even at 37^ 
displacement the effect becomes 
apparent. It is for this reason that 
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I favour the intanal blade control 
mechanism ot the Weir helicopter 
W.6. 

In the case of the non articulated 
rotor blade, we find, that should 
conditions arise to promote an inci- 
pient stall, then the blade is unable 
to " sail " so as to virtually reduce 
its incidence. The incipient stage 
is followed b)> the full stall on 
account of the inertia torque of the 
remaining blade or blades. To make 




from the aerodynamic aspect. 

The use of non articulated blades 
attached to an unarticulated rotor 
hub is, of course, only permissible 
on multi-rotor machines when the 
rotors can be arranged to turn in 
the opposite sense to domestically 
cancel out the gyroscopic moments. 
Vertical bending loads also bending 
in the plane of azimuth can be 
reduced oy buliding-in of the mean 
coning and drag angles. On the 
other hand, a modified arrangement 
of non articulated rotor blades is 
that wherein the blades are secured 
to an orientable hub or gimbal com- 
ponent. This eliminates the gyro- 
scopic moments from the machine 
but (Merential blade flapping is pro- 
hibited. In turn we get disc flapping 
or tilting of the rotor disc which can 
be under control of a swash plate or 
cyclic pitch, or by cross pm con- 
straint as is the case of the orientable 
hub. Unfortunately, either arrange- 
ment does not permit of blade 
" sailing " and in my opinion is 
undesirable. In talking of articulated 
and non articulated rotor blades I 
am excluding the torsional pitch 
change hinge which performs the 
separate functions of cyclic and col- 
lective pitch. 

I have found that some rotor 
systems will behave perfectly for 
many hours of hovering and normal 
flight until a particular set of cir- 
cumstances arise which are beyond 
the capabilities of the system. Such 
circumstances may be due to one of 
or any combination of the follow- 
ing:— 



the blades sufficiently robust at the 
root end becomes uneconomical, and 
even so, the point of fracture will be 
moved along the blade towards the 
tR> but is likely to occur at about .6 
(H the blade radius. If we endeavour 
to increase the strength of the blade 
at this point we run into difficulties 



1. Gust effect causing a consider- 
able displacement of the air- 
craft about the rolling, pitching 
and yawing axes or inter- 
related effect. 

2. Change of angle of attack of 
the relative wind by as much 
as 90°. 



3. Mis-application of control in 
correcting numbers 2 or 3. 

4. Dissymetrical rotor circulation. 
Although the foregqing remarks 

mainly apply to the heUcopter, it is 
also possible, imder certain circimi- 
stances, to run into trouble by over- 
doing a flared-out landing under 
condutions of autorotation. This was 
not the case with the old Autogiro 
as the control range was strictly 
limited and the drag and ilapping 
stop clearance commensurate with 
the requirements but at the cost of 
limited control range. 

Rotw Systems 

During the last 14 years I have 
been responsible for, and associated 
with, many designs of full scale rotor 
systems also a large number of 
worldng wind tunnel models. As a 
matter of fact, it would be difficult 
to suggest an arrangement that has 
not been fully investigated both on 
paper and in some practical form or 
another. My early work was con- 
fined to the orientable direct control 
Autogiro rotor systems which also 
indudi^ the iimip start Autogiros, 
which were, of course, helicopters 
during the period of direct take-off. 
The many years' experience with the 
orientable rotor hub brought to 
light the advantages and ako the 
limitations of this system, the latter 
being of such magnitude that I con- 
sidered the most appropriate method 
for the control of the helicopter was 
that <k cyclic pitch. Thb system 
was adopted for Britain's first suc- 
cessful heBcopter, the Weir W.5. 

Cystic pitch was also nsed on its 
successor, the Weir W.6, but I 
reverted to tiie orientable rotor hub 
for the Cierva hd^copter W.9. Some 
e9q[>laDation is perhaps necessary. 

It baa been shown by Locke, 
Wheatley and others, that cyclic 
change of the blade pitch is equiva- 
lent to sinusoidal flapping for the 
purpose of equalising me lift round 



the disc, as is necessary in forward 
flight or when hovermg in gusty 
weather. Whilst this is true, we find 
a marked difference in the two sys- 
tems. Let us assume that our 
aircraft is hovering in still air and 
we incline our control column to 
effect forward translation. In the 
case of the orientable hub, we tilt 
the tip path plane of the rotor or let 
us say disc, and the resultant trans- 
lational force commences to acceler- 
ate the machine. During the initial 
period of acceleration the rotor 
remains in symmetry and is conse- 
quently smooth or vibratioiUess. As 
our forward speed increases, the 
differential flow will in turn produce 
differential flapping of the rotor 
blades and the aircraft wiU become 
progressivel)^ rougher in relation to 
the translational speed. The Ifft 
vector of the rotor will now be tilted 
back, the machine tending to climb 
unless the control column is pushed 
forward, so that ibe limit of forward 
control range is quickly reached. To 
deal with this unhappy state, it is 
necessary to employ means to sup- 
press the flapping or alternatively 
tilt the rotor forward by changing 
the attitude of the fuselage, thereby 
regaining some of the forward con- 
trol range. Now with the cyclic 
pitch control system, when the con- 
trol column is moved forward to 
accelerate as from the hovering con- 
dition, we immediately introduce 
differential flapping and the aircraft 
becomes quite rough. This rough- 
ness wfll persist if we attempt to 
keep the niselage on say an even 
keel, so that to enjoy reasonably 
smooth translational flight the rotcMT 
disc must be tilted, which, of course, 
is directlv associated with the atti- 
tude of the fuselage. By the correct 
co-ordination of throttle, aircraft 
attitude, and application of cyclic 
pitch, we can reach an optimimi 
speed at which the aircraft remains 
reasonably smooth. 
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It is thus obvious that one of the 
difficulties with the orientable hub is 
that of the suppression of flapping. 
A Delta III effect or pitch change 
coupled with flapping displacement 
was embodied m a rotor system 
tenned the A.S.R. and tested in full- 
scale on helicopter W.6. 

The results were very promising 
but the experiments were curtailed 
owing to the turn of the war in July, 
1940. In this system, the three rotor 
blades were attached to a hub which 
in turn was mounted on a gimbal 
component. The rotor blades were 
provided with drag and flapping 
hinges but bridled in such a manner 
as to permit of coning of the three 
blades but suppressing the differen- 
tial flapping. Arms from the blade 
torsion hinges were under control of 
a swash plate mechanism so that the 
rotor disc always followed the incli- 
nation of the swash plate. It will 
be understood that as differential 
flapping was suppressed, the rotor 
as a whole was constrained to flap 
or tilt about the gimbal component. 
Gust effect or differential flow would 
cause the disc to tilt about the gfmbal 
component whereas the swash plate 
datum remained fixed. This in effect 
reduced the blade pitch in a cyclic 
manner and was substantially equi- 
valent to a control effect on the part 
of the pilot. Unfortunately the rotor 
or disc tilt of this system has a pre- 
cessional characteristic and whilst 
this is cancelled out domestically on 
a multi-rotor machine, I do not 
recommend its application to single 
rotor machines. 

As my experiments with cyclic 
pitch control were substantially com- 
pleted in 1940, it was agreed that no 
immediate useful purpose would be 
gained by making, at that juncture, 
some practical examples for opera- 
tional duties but an endeavour 
should be made to develop the 
A.S.R. system which, in spite of 



certain limitations, had displayed 
practical advantages. An elegant 
solution appeared possible with the 
orientable hub arranged with a large 
order of Delta III. Wind tunnel 
model tests of this project indicated 
the possibility of a self incidence 
setting rotor close to the optimum 
of that suitable to ht;licopter opera- 
tion together wilh an automatic 
changeover to the optimum setting 
for autorotation. A full-scale rotor 
was not completed until 1944, and 
when tested, immediate difficulties 
were experienced with the control. 

A careful investigation traced the 
trouble to control phase and 
although the machine was hovered 
for a considerable number of hours, 
full control was not gained until the 
Delta III had been back coupled as 
from one blade to the other to thus 
correct the phase and in accordance 
with the value of the Delta III in 
use. To clarify this, the flapping 
displacement of one Wade would 
change the inc^<fence of the following 
blade and so on with the other 
blades. This system has proved 
quite successful m test and is very 
smooth throughout the speed range. 
On the other hand, it has been neces- 
sary to speed up the rate of control 
application by means of a hydraulic 
servo mechanism to give the instan- 
taneous response necessary to check 
the displacement of the aircraft. The 
range of angular tilt of the hub is 
also excessive. Although the system 
may be considered as adequate to 
meet all the reauirements of normal 
fl3dng, it falls short of certain essen- 
tial qualities for precision fl3nng 
close to the ground. This is mainly 
due to the fact that the rotor spills 
off any excess lift, the lift being in 
accordance with the value of omega 
or let us say rotor r.p.m. With 
unlimited power at our disposal we 
could get sufficient acceleration of 
the rotor to deal with the rapid 
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alteration or variations ot Deight 
when close to the ground but in 
practice, as the reserve power is 
somewhat timited, it seems expedi- 
ent to take advantage of the kinetic 
energy stored in the rotor. By the 
use of collective pitch it is possible 
to use the stored energy to meet the 
exacting requirements ol the case 
mentioned. 

Having thoroughly explored both 
the cyclic and collective pitch con- 
tnd systems also the plain orientable 
bub and in conjunction with Delta 
III effect, I am now able to propose 
a combination arrangement escaping 
the limitations of both systems but 
retaining the good features of each. 
Unfortunately, it is not possible, at 
this juncture, to release any relevant 
infonnation but it Is hoped that the 
wind tunnel model now on test will 
be represented in full-scale on the 
Cierva W.9 research machine by the 
end of the year or shortly after- 
wards. 

It will be appreciated that I could 
take up a great deal of time in 
describmg my work with various 
rotor systems, so in the circum- 
stances I must now turn to the next 
item, i.e.. Rotor Blades. 
Rotor Blades. 

Under this heading, we have per- 
haps the most important component 
of the helicopter aircraft, involving 
the usual conflict of aerodynamic 
requirements and constructional 
limitations. I should qualify this by 
saying that great care must be paid 
to the design if reasonable efficiency 
is to be achieved. Some helicopters 
that have flown and are still in use, 
show lift efiiciences of quite a low 
order, being in the region of 60% as 
against some 82% that is possible 
by careful choice of the major para- 
meters. Unfortunately, the ideal 
aerodynamic requirements introduce 
structural limitations so that the 
ultimate choice is that of compro- 




mise. The desired blade kinematics 
in forward flight and when the rotor 
is under the influence of the control 
column, as in the hovering state, are 
only possible if the blade construc- 
tion is such as to permit the blades 
to react correctly to the pilot's con 
trol. Let us take a rotor blade 
mounted on its hub component 
through the medium of drag and 
flapping hinges, also a torsion hinge, 
so that the blade may be controlled 
in pitch by suitable mechanism, as 
for instance a swash plate under 



influence of the pilot's control 
column. If the blade in question is 
very flexible in the torsional sense 
ana unless we arrange our mass dis- 
tribution in an appropriate manner, 
it win be found, that the application 
of the pilot's control to the root end 
of the blade will fail to be communi- 
cated to the tip end or to the region 
where the change of incidence is 
most effective. A further difficulty 
arises from bending of the blade in 
the vertical sense as by the appli- 
cation of control by turning the 
blade about the torsion hinge the 
outer portion, particularly the blade 
tip, wfll descrioe an arc, the radius 
cKt which will depend on the amount 
of bending. 




n. Otof rommocic tktcdi nlating to pfhdie 
htnding of rocor fr/ode. 

If it is possible to reduce the bend- 
ing to zero, the blade will, of course, 
turn about its longitudinal axis. 
Quite severe moments can be present 
m the control column unless the 
bending is kept to a very low orden 
It will also be realised that in trans- 
lational flight or under gust condi- 
tions, the effect of differential flow 
will introduce an excursion of the 
centre of aerodynamic pressure in 
relation to the centre of percussion 
of the blade. Under these conditions 
we have a periodic bending of the 
outer portion of the blade corres- 



ponding to the movement of tbe 
centre of pressure in relation to the 
centre of percussion, so that the 
outer portion of the blade is subject 
to upward bending over one half of 
its path round the disc and down- 
ward bending over the other half. 
I will not deal with the attendant 
difficulties, but when associated with 
relatively flexible blades the applica- 
tion of control or gust effect may 
introduce some serious problems and 
the practical results can be disastr- 
ous. By careful design, it is possible 
to arrange the mass distribution 
together with methods of construc- 
tion Uiat will result in reducing 
periodic bending to a marginal 
ngure. Reducing the flexibility to 
a low order will enable the pilot to 
control the blade kinematics to 
requirements. As a point of interest, 
I would mention that the calculated 
vertical bending of one set of rotor 
blades of W.9 under hovering con- 
ditions is .5 in. at the tip and on a 
second set the bending has been 
reduced to less than .3 in. The tor- 
sional stiffness of both sets of blades 
is considerably greater than in 
general use on most helicopters. 

As a possible alternative to chang- 
ing the blade incidence by 
mechanism attached to the root end 
of the blade, the aileron method 
offers certain advantages. As the 
outer third of the blade is the most 
effective it seems logical that the 
control should be imposed on that 
portion. It is doubtful if change 
over from helicopter to autorotation 
can be accomplished by aileron 
alone and if the mean setting for 
helicopter operation is to be efficient 
ttien the autorotative setting will be 
difficult to realise. This necessitates 
a torsion hinge for the change over 
so that aileron control can be restric- 
ted to within reasonable limits or 
just sufficient for correcting normal 
displacements of the aircraft. The 
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system when coupled to cyclic 
mechanism should be capable of 
canying through the desired blade 
kinematics and I hope to fully inves- 
tigate the possibilities at an eariy 
date. The idea is not new and was 
proposed by quite a few of the early 
experimenters. We also have the 
modem examples of Langnif , Ben- 
dix and others. 

The importance of correct blade 
kinematics becomes predominant in 
translational flight at say over 60 
m.p.h. as the cyclic S3^tem of con- 
trol together with the attitude of the 
aircraft gives the necessary pitch 
oscillation to suppress flapping. 

Inability to achieve smooth high 
speed flight can be attributed to a 
lack of appreciation of appropriate 
apparatus to achieve the required 
blade kinematics. The use of modem 
low drag areofoils have contributed 
iaxigely to the increase of lift effici- 
ency now being attained, but 
torsicmal stiffness is very elusive 
when relatively low fineness ratios 
are employed. On heUcopters W.5 
and W.6 the blades had a fineness 
ratio of 12% and the section in 
accordance with N.A.C.A. 23012. 
Great difficulty was experienced 
with the constmction of these 
blades, cruciform type of rib bein£ 
used to reduce the torsional and 
bending flexibility. 

For W.9 I decided to sacrifice 
some aerodynamic efficiency by 
using a 15% fineness ratio and the 
resultant stiffness is considered to be 
satisfactory. I would also mention 
that the stallinjg curve of the 
N.A.C.A. 23015 is not so abmpt as 
that of the 23012 section. 

In the light of past experience 
with Autogiros and the difficulties of 
obtaining blades of uniform charac- 
teristics, I decided to employ an all 
wooden blade constmction for the 
Weir helicopter W.6 using moulded 



synthetic resin bonded plywood skins. 

These early examples of semi- 
moulded blades were made by 
Messrs. Airscrews Ltd., Weybri^pe, 
and Jablo Ltd., of London. 'Die 
same principle of moulded sldns and 
compressed wood spars was used on 
the Weir helicopter W.6, the blades 
being made by Messrs. Morris & G>., 
Glasgow, high class woodworking 
engineers. I may say that this 
method of constmction has given 
every satisfaction and was adopted 
in modified form for the rotor blades 
of the Cierva helicopter W.9. It is 
of interest to note that in the case 
of the Weir W.5 and W.6, the blades 
were of constant chord throughout 
and untwisted, whereas those of 
W.9 have a pronounced taper plan 
form and twisted out of incidence 
towards the tip by some 6^. The 
estimated and measured lift effici- 
ency of the W.9 is over 80%. In 
the case of W.6 the transverse C.G. 
position of f he blades was corrected 
by rolling-on to the leading edge of 
an extmded monel metal section, 
the inner end being anchored to the 
root fitting so as to relieve the 
wooden portion of the blade of the 
centrifugal load of the metal edging. 
The blades of the Cierva helicopter 
W.9, constmcted by Messrs. Morris 
& Co., of Glasgow, have the trans- 
verse C.G. corrected by means of 
lead weights built into the blade 
spar, whereas those made by Jablo 
Ltd. employ embedded sintered 
tungston weights having a specific 
gravity of 16.9. The use of this 
heavy metal, more than twice the 
weight of steel, simplifies the prob- 
lem of accommodation in the spar. 
Apart from correcting the transverse 
C.G. the longitudinal location of the 
weights is so arranged as to reduce 
the vertical bending under dynamic 
conditions to the very small order as 
previously mentioned. 
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The root fitting of the rotor blade 
has always been a problem in itself. 
When using a sted tubular spar I 
have found ttie best, method to 
emplf^ is that of rubber bonding the 
root end socket to the tube. 
Strangely enough the experimental 
fitting is still in existence as it has 
d^ed all attempts to pull the tube 
from its socket, mainly because no 
other form of root end attachment 
can be found with equal resistance 
to that of the rubber bonded end. 
Although this form of attachment ia 
not in use at the present juncture, 
there is reason to believe that its 
unique properties will be fully appre- 
ciated in due course. 

The form of root fitting that was 
used on the Weir W.6 was again 
employed on the Cierva W.9. A set 
of blades has also been tested with 
screwed-on root fittings similar to 
those of wooden airscrew blades. 
Both types appear to be satisfactory. 

On tne question of rotor blade 
finish, doping and polishing fails to 
withstand ttu effects of rain, hail, 
etc., so I arranged for one set of 
blades of the Cierva W.9 to be 
finished with Plast<^laze. This 
material is sprayed on and cured by 
means of ho^caibon dioxide gas pro- 
duced in a special generator. The 
curing process takes about 10-15 
minutes for each coat, the blade 
being subsequently rubbed down 
and polished. Five or six coats at 
least are advised. I would also 
mention that static and dynamic 
balancing is corrected during spray- 
ing and polishing. The resultant 
finish is almost glass hard, impervi- 
ous to water, o3, petrol, etc., and 
retains sufficient flexibility to pre- 
vent cracking of the coating under 
deflection. 

The all metal blade occupied my 
attention for many years and 
although it should be possible to 
evolve a design meeting with the 
general requirements, I must say my 



experiments have not been very suc- 
cessful. The total weight is, of 
course, one difficulty, it being inad- 
visable to have the ultimate rotor 
coning angle too smaU. Porhaps 
new materials and improved 
methods of fabricaticm will become 
available in the near future that will 
solve some of the associated prob- 
lems but the present composite 
wooden blade is also undergoing 
further development. 
Rotor Cootioh 

One of the problems associated 
with rotating wmg aircraft has been 
the moments in the pilot's control 
arising from the blaae kinematics. 
Early attempts at irreversible con- 
trols on the Autogiros were unsuc- 
cessful, but the screw jack system 
eir^loyed on the Weir hehcopters 
W.S and W.6 presented no dimcol- 
ties as regards pilotage. 




Here then is an example of what 
is termed the " impersonal control " 
which, of course, is similar to that 
of the German Fock6 machines, and 
I believe, the Sikorsky R.5. It 
would have been quite an easy 
matter to arrange some spring resis- 
tance or " feel " to the control 
column but was found to be 
unnecessary. This was further con- 
firmed on the Cierva helicopter W.9, 
which employs hydraulic servo con- 
trols super-imposed on the mechani- 
cal control, the control column being 
irreversible as from rotor to control 
column. On the other hand, the 
control effort is of a very low order 
and quite smooth in action, so that 
this system is likely to find favour 
on helicopters, more especially the 
larger machines. The centrifugal 
pitching or torsional moments of the 
Autogiro rotor blades are relatively 
small as the angle of incidence is 
correspondingly small, but in the 
case of the helicopter blades work- 
ing at substantially three times the 
pitch setting of the Autogiro blades, 
the moments can be considerable. 
The loads arising from the centrifu- 
gal pitching moments are, of course, 
domestic to the rotor hub and blade 
articulation when cyclic pitch is in 
say the neutral position so that all 
the blades have the same pitch set- 
ting. Application of cyclic pitch 
gives the differential effect from 
which the moments arise. These 
remarks, with some qualification, 
also apply to the orientable rotor 
hub. Tne friction valve of the screw 
jack control when unassisted by 
servo mechanism has many limita- 
tions, especially on large multi rotor 
helicopters. 

Stability and Control 

Under this heading we have per- 
haps the outstanding problems of 
the helicopter. There seems to be 
a general impression that once the 
fixed wing had been replaced by the 



lifting rotor, any person of reason- 
able intelligence could enter the 
pilot's seat and take the air in safety 
and in comfort. Although I had 
some relevant misgivings when con- 
structing the Weir helicopter W.5 in 
1937 I did not anticipate the utter 
disappointment I experienced when 
trying to hover the Weir W.5 in the 
early part of 1938. I was most per- 
plexed by the rapid rate of displace- 
ment of the machine about all axis 
and the pilot's control lay-out was 
completely inadequate. A careful 
investigation of the associated para- 
meters indicated a hair trigger con- 
trol system but owing to the small 
size of the aircraft it was thought 
that even then the normal pilot's 
reactions would be too slow to meet 
with the requirements. It was also 
apparent that the machine possessed 
no static stability whilst hovering 
and very little dynamic stability. 
There appeared to be no solution to 
the problem of static stability but 
the dynamic stability could be 
improved by increasing the moment 
of inertia about the pitching axis by 
introducing some horizontal offset of 
the flapping hinges together with an 
additional five feet added to the tail 
end of the fuselage. At the same 
time, the angle of the side outriggers 
carrying the rotors was changed 
from 11.5° to 22°. A normal con- 
trol column and rudder bar replaced 
the rocking wheel control. The 
result was most satis&ctory and 
hovering on short ropes in the erect- 
ing shed became possible although 
the ground interference was most 
marked. Shortly after this the Weir 
W.5 made its first free flight under 
full control. The data arising out of 
these tests was successfully employed 
for the Weir W.6 that was flown on 
the first day it was taken to the test 
field. Control of the aircraft, how- 
ever, required much skill and prac- 
tice except under conditions of 
translational flight when the tail 
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plane, positioned in undisturbed air, 
would provide some reasonable static 
stabiliW on the phugoid path, the 
latter being of easy " configura- 
tion on account of the small amount 
of inertia of the aircraft as a whole. 

If the helicopter possessed inher- 
ent static and dynamic stability the 
<^uestion of control would be rela- 
tively simple and' mainly that of 
direction. Unfortunately, we find 
our control system becomes a slave 
to the shortcoming of this attractive 
aerial vehicle. With my single rotor 
machine, some dynamic stability has 
been introduced by the horizontal 
^set of the flappmg hinges which 
permits, when novering, even in 
light winds to remove the hand from 
the control column for some ten to 
twenty seconds. Slight static stability 
on the phugoid pam is also present. 
In spite of this, it appears that the 
airciaft must be constrained in 
equilibrium which calls for a veiy 
sensitive and quick acting control, 
also a pilot having the necessary 
sldll ana training. The pilot thus 
becomes the datum of " controlled 
stability " but this can be relieved 
to some extent by the horizontal off- 
set of the flapping hinges or its 
eauivalent in the form of some parti- 
ally independent datum, as given by 
the Bell mertia bar constraint. The 
Bell system is at present limited to 
the use of two bladed rotor systems 
with the attendant problems of 
vibration. Peiliaps the ultimate solu- 
tion to the staoility of the single 
rotor helicopter using more than two 
blades will oe a reasonable horizon- 
tal offset of flapping hinges together 
with an adequate system of instru- 
mented automatic control. 

With multi-rotor helicopters such 
as the side-by-side, we find in the 
Langraf machine an arrangement 
that can give quite good static 
stability in forward flight. This is 
achieved by using unarticulated 
rotor blades together with cyclic 



pitch control and arranging the C.G. 
of the aircraft to be in front of the 
centroid of lift. With the Fock£, 
Weir and Piatt Le Plage machines 
using articulated rotor blades it 
becomes necessary to employ a tail 
plane to give a similar effect. With 
the tandem configuration, such as 
the American Pia^cki or P.V. it is 
possible to adjust the centroid of lift 
so that the aircraft can be trimmed 
to provide some static stability in 
forward flight although the rotcMT 
interference introduces many 
secondary problems. There is very 
little to choose between articulated 
and non-articulated blades with this 
particular configuration. The Cierva 

Air Horse,' tmree rotor hdicopter, 
appears to give the optimum 
arrangement and can be shown to 
possess sufficient dynamic stability 
about the pitching and rolling axes 
whilst hovering together with ade- 
quate static stability when in for- 
ward flight. Here again it is possiUe 
to use articulated rotor blades. 
Rotor interference is estimated to 
be appreciably less than that of the 
tandem arrangement. 

To conclude this section, I am of 
the opinion that having reached the 
state of full appreciation of the diffi- 
culties of staoilih^ and control, the 
solution, although not simple, will 
be reached in thSe near future. The 
practical application will of neces- 
sity, differ according to the t3rpe of 
helicopter chosen. 
Power Units 

The internal combustion piston 
engine is a good servant but makes 
a bad master. My considerable 
exp>erience in the desi^ and appli- 
cation of piston engmes to road 
vehicles of all t3^pes, stationary 
power plant and aircraft, suggeste 
that though this form of prime 
mover has great versatility, never- 
theless, every application needs 
individual study, bome years ago 
I designed a small two cylinder 
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opposed eneiiie for use on the early 
lignt aeFoplanes which gave quite 
reascMiable service until it was 
decided to introduce a reduction 
gear between the airscrew and 
crankshaft. Amplihcation of the 
torque peaks through the gears either 
resulted in broken crankshafts, 
damaged gears or frettiug of the 
sjrfined fhajfts. The power output 
was also lower than calculated. In 
spite of past experience, I was asked 
to design a two cylinder geared 
engine as late as 1933. To keep the 
aircraft flying it was necessary to 
introduce a special device to damp 
oat the torque peaks associated with 
this type of engine. The additional 
weight and cost of this damping 
cwnponent ruled out the installation 
as uneconomical. For the first Weir 
helictqiter W.5. I used, purely on 
the score of economy, the small four 



cylinder in-line air cooled engine 
that I designed in 1935-36 for the 
light single seater Autogiros. For- 
tunately, the crankshaft was excep- 
tionally robust and managed to 
stand the racket for the relatively 
short life of the experimental air- 
craft. The overall gear ratio between 
engine and rotors was 8.4 to 1 so 
that trouble with torsional vibrations 
was to be expected. No doubt the 
long transmission shafts damping 
eflect in the numerous bearings and 
the elastic constraint of the rotor 
blades in relation to the rotor hubs, 
played an important part as no 
trouble was experienced. 

For the Weir helicopter W.6. 
employing a Gipsy Six engine, with 
its relatively long crankshaft, the 
difficulty was met by the fitting of 
a Fottinger coupling fluid flywheel. 



In practice this was found to give 
very good results and also provided 
a most satisfactory hydramic rotor 
starting clutch in the following 
manner. The low speed drag of the 
coupling was resisted by a trans- 
mission brake which when released, 
would allow the engine to progres- 
sively start the rotor. Increase of 
engine speed would bring the coup- 
ling into full operation with a final 
slip of some 3%. On the research 
machine Cierva W.9, the fluid fly- 
wheel was not included and evidence 
of the amplification of the torque 
peaks is present in the form of 
fretting of the centralising cones 
holding the clutch component on to 
the crankshaft, also on the teeth of 
the secondary reduction gear 
pinions. This does not onl^ apply 
to the Cierva W.9, but it is found 
on other helicopters now in use. I 
anticipate an improvement with the 
Rolls Meriin engine proposed for the 
large Cierva three rotor helicopters 
now under construction, mainly on 
account of the large number of 
cylinders and the short stiff crank- 
shaft. I am not prepared at this 
juncture, to suggest a formula of 
the application of the Internal Com- 
bustion Piston Engine to the heUcop- 
ter, but it is just possible that by 
taking into account all the relevant 
parameters, it might eventually be 
deduced to simple terms, an import- 
ant factor bemg the piston head 
area. A full explanation is somewhat 
involved, but I have a case in mind 
where a low speed engine was 
replaced by a high speed engine hav- 
ing a 25% increase power output. 
In spite of careful adjustment of the 
associated components and the rotor 
system, the performance of the air- 
craft was not improved, or we might 
say. that the additional power of the 
high speed engine was not doing the 
additional work on the air. What I 
have just outlined indicates the 



finding a suitable 
power unit for the light two sealer 
helicopter that will have a low pur- 
chase hgure together v^th reliable 
operation and small maintenance. 

Whilst on the question of piston 
engines my practical experience 
leads me to favour the liquid cooled 
engine together with a liquid cooled 
exhaust manifold as being the most 
economic solution to the problan of 
the submerged engine as i3 genei^y 
the case with the helicopter. Fan 
cooling of the Gipsy Six m the Weir 
W.6 absorbed some 8% of the maxi- 
mum power. The installation of the 
same engine in the Cierva W.9 is so 
arranged that adequate cooling is 
achieved for approximately 3.25% 
of the maximum power, but in this 
case it represents part of the thermo 
dynamic cycle employed for rotor 
torque balance system. 




Liquid cooling of the Rolls Merlin 
for the Cierva Air Horse is calcu- 
lated at less than 2^%. The modem 
high efficiency axial flow fan and 
heat exchanger permits the heat to 
be extracted in the most scientific 
manner. A large percentage of the 
weight of the cooling installation is 
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cancelled by the reactive thrust of 
the cooling hn. 

Air cooling of the exhaust mani- 
fold of the submerged engine pre- 
sents a difficult problem more 
especially as the rotor slip stream 
velocity is insufficient for the pur- 
pose. To avoid local hot spots is 
very wasteful as regards fan horse 
power and such hot spots represent 
a potential lire hazard if drops of oil 
are present or airborne to the locali- 
ties. Instances of this have already 
been observed. The obvious solu- 
tion is to liquid cool the exhaust 
manifold and a full scale engine has 
already successfully passed some 
comprehensive tests. The heat to 
be removed to reduce the tempera- 
ture to a reasonable de^ee and to 
avoid evaporation is shghtly more 
than that dissipated by the engine 
cylinders. A safe and readily con- 
trollable means of cabin heatmg by 
hot liquid also becomes available. 
Sflencing of the engine exhaust of 
helicopters must also receive atten- 
tion. The noise level of the lifting 
rotor is exceptionally low as com- 
pared with the airscrew of the 
normal fixed wing aircraft, the out- 
standing noise being that of the 
engine exhaust. The energy in the 
e]£aust gasses is mainly in the form 
of heat so that by liquid cooling the 
manifold the major part of the 
silencing will have been carried out. 
Further, the ultimate temperature 
of the gas leaving the manifold will 
permit the use of aluminium alloy 
for the final exhaust silencer. 

Burning out, distortion and crack- 
ing of present day exhaust manifolds 
is a constant source of worry. 
Special non-oxidising alloys must be 
used which are costly and require 
considerable skill in fabrication. 

I cannot leave this subject without 
referring to the gas turbine. The 
type I have in mind is that in which 
power is taken from the turbine 
shaft. Patents for which I applied 



in 1943 indicate a practical design 
study covering the use of the geared 
turbme. The high velocity turbine 
exhaust, in conjunction an augmen- 
tor fan is used for torque balance in 
a somewhat similar manner to that 
employed in the Cierva helicopter 
W.9. Investigations have also oeen 
made into the use of single and twin 
turbine installation for the Cierva 
large three rotor Air Horse, and 
when such units are available it 
appears that taking everything into 
account and in spite of the increased 
fuel consumption over that of the 
piston engine, the advantage is in 
favour of the turbine installation up 
to some 2^ to 3 hours cruising. A 
direct analogy to this, of course, is 
comparison between the present 
petrol engine and the Diesel cycle, or 
m other words, the effect of com- 
pression ratio. 

TRANSMISSION. 

I hnd it impossible to deal but 
briefly with transmission on account 
of the time at my disposal. It wiU, 
however, be appreciated that 14 
years' experience in this connection 
has resulted in a back^und of 
knowledge, which at this juncture is 
of the utmost value. Long trans- 
mission shafts present no difnculty if 
carefully designed and applied. No 
failure on this account was recorded 
with the relatively crude arrange- 
ment on the Weir helicopters W.5 
and W.6. With the single rotor 
machine such as W.9, the solution 
is, of course, quite simple. Improved 
methods for production of long, 
straight, large diameter tubes would 
be welcomed. 

I should perhaps mention the 
torque metre used on the Cierva W.9 
in 1944-45 which is no doubt the 
first time that such a device has been 
used on the helicopter. The torque 
was measured by the very small 
torsional deflection of the main rotor 
shaft and amplified through two sets 
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of planetary gear train, the deflec- 
tion being magnified ten times so as 
to give a direct reading in a cali- 
brated dial in the pilot's cockpit. 
This apparatus provided the means 
to check the power applied to the 
rotor and tail jet, also permitted a 
close check of the rotor mciency. 
Unde rcamages. 

Practical operation of Autogiros 
and helicopters with which I nav<! 
been associated bring into prom^ 
nence the rather serious hazard of 
mechanical failure when hovering or 
alow flying up to 200 feet atx>ve 
the ground. In 1939 I provisionally' 
protected the use of the kinetic 
energy stored in the rotor to cushion 
out the landing when a few feet 
from the ground. Unfortunately, 
this provisional patent was allowed 
to lapse. The pnnciple, however, is 
in use today and is perhaps the sav- 
ing grace of the pres«it helicopter in 



case of emergency. To use this effect 
to advantage, it has been found 
possible to ae»gn apparatus that is 
automatic in effect to give the c^- 
mum rate of descent either as a bol- 
copter or when under autcxotatitxt. 
Pure vertical landing can be accom- 
modated by a Img travel under- 
carriage, which in tbe case of the 
large Cierva ' Air Horse ' is 5 
feet. The travel, of course, depends 
mainly on the disc loading <» the 
particular machine. For the single 
rotor type of machine this is met 
in a somewhat similar maimer by 
the employment of a special form 
of duplex undercarriage giving the 
same long travel efFect but having 
the appearance of a normal con- 
figuration. 

MECHANICAL DETAILS. 

If time permits I hope to show 
on the screen a few mechanical 
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details which may be of interest to 
the audience and gives some idea 
of the intensive research that has 
taken place in the past yeais. 

One very important component of 
the rotor system employing cyclic 

Eitch control, also the orientable 
ub with Delta III blade coupling, 
is the torsion bearing of the rotor 
blade. In the case of the Autogiro 
angled hinge system, reasonable con- 
trol d9ort was only possible when 
the plain bearings had been 
replaced by ball or roller bearings. 



Unfortunately, the small order of 
pitch oscillation during flight, some 
± IJ degrees, caused the balls to 
Brinell the race tracks, thus increas- 
ing the frictional moment of the 
baring and introducing consider- 
able roughness in the system. Roller 
bearings were also found to be 
unsati^actory on many counts. To 
keep the overall friction down to the 
minimum it was necessary to secure 
correct geometrical rolling of the 
balls and this was accomplished W 
the use of speciaUy formed V 
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grooved tracks. By aTran^ing a pair 
of the V grooved races in tandem 
and by the application of the roller 
free wheel pnnciple, the oscilations 
would cause the pair of races to 
" inch " round under load and so 
eliminate the indentation of the race 
tracks. Many hundreds of hours 
of full load testing proved the bear- 
ing to be highly satisfactory. It was 
completely reliable and would 
respond to small oscilations of ± 20 
minutes. The frictional moment was 
approximately half of that of a new 
and normal ball thrust race, the 
friction actually becoming less after 
the first 50 hours before levelling of! 
to remain constant over some 500 
hours. A drawing of this bearing is 
included which gives details of the 
design. There is no doubt that the 
beanng pack could be used to 
advantage on the helicopter in spite 
of the pitch oscilation being of a 



luch larger order. The very low 
frictional moment would be most 
helpful, especially on the laj^e 



Odd Types 

I should have liked to have given 
my experience in the theoretical 
investigation and practical design 
of such types as the Gyrodyne, me 
reactive propulsion rotor of heli- 
copter W.8, and the rocket assisted 
Autogiro/ helicopter now being 
developed by the Autogiro Company 
of America, but this I am afraid 
must be left to a later date. 

Condusioa 

In conclusion, the helicopter is 
with us in many practical forms, 
but of course, utilising the same 
basic principle. It should be depre- 
cated that we are at present 
saddled with considerable com- 
plexity but this appears to be the 
case in the development of most 



simple machines in the seaix:h for 
effidencv and to bring them within 
practical scope. I can instance 
many examples, including the 
simple d port 2 stroke engine, the 
thennod)niamic duct or ram jet 
which we now see in the form of 
the gas turbine and sometimes for 
jet propulsion. The trend in design 
is towards further complexity but 
thanks to the excellent work of the 
A.I.D. we should have no fears in 
this connection, confirmation of 
which is given by the mass produc- 
tion of the most delicate apparatus, 
aircraft enrines and components 
not only in this country but tnrough- 
tbe world. As long as the A. I J), 
are with us, or alternatively, the 
Civil version the A.R.B. we can 
look forward in confidence to the 
successful and safe operation of 
helicopter aircraft. 

As regards operational costs, I 
find that the large three rotor heli- 
copter can carry freight at a lower 
cost than that of the eouivalent 
fixed wing aircraft, this, ot course, 
takinc everything into account 
including maintenance, airfields, 
etc., but at a reduced speed. In 
otiier words, we must pay for speed, 
although for short cuslAnces even 
the speed can be in favour of the 
helicq>ter. 

It will be noted that I have not 
confined my attention to one c<m- 
figuration of helicopter. At the 
present state of the art ' constmc- 
ticmal and other limitations impose 
restrictions on rotor diameters, so for 
useful loads of over 1,000 lbs. we 
should employ multi-rotors; Care- 
ful odculations indicate an overall 
gain in efficiency by keeping the 



rotOT diameter within reasonable 
limits. At present I have design 
studies in hand covering light two 
place single rotor hdicc^ters, 2 up 
to 5 place single rotor ma!chines wim 
reactive thrust torque balance, three 
rotor passenger and fireight heli- 
copters up to payloads of 3 to 4 
tons and even larger four rotor types 
to lift 8 to 9 tons. Even the tanoem 
configuration and improved Gyro- 
dyne has not been forgotten. Once 
the complete rotor circulation under 
all r^;imes of flight is property 
understood, the pieces of the jigsaw 
puzzle begin to fall nicely into 
place. Perhaps the best visual ex- 

Csrience I had as regards circu- 
tion, was during the recent crop 
sprayine tests by Messrs. Pest Con- 
tra Lta., on a helicopter suitably 
equipped by the Cierva Autogiro 
Co., Ltd. I shall one day endeavour 
to obtain a photographic record of 
this rather puzding jmenomenon. 

Finally, tne time /actor is not on 
the side of those engaged in the art 
and everything possible should be 
done to get practical heUcopters into 
service without delay. No one can 

ly at this juncture, how long it will 
oe before we shall have control of 
the rdease of atomic energy and if 
and when thjs is secured me whole 
aspect of aerial flight and aerial 
machines may be subjected to a 
drastic change. 

I trust that the ambitious student 
will find some pointeis in this paper 
that may help to unravd some of 
the problems of design and elimi- 
nate disappointment. 

Mr. Chairman, Ladies & Gentle- 
men, 

I thank you for your attention. 



Mr. H. A. Marsh — Chairman. 
Ladies & Gentlemen, 

I feel sure you have thoroughly 
enjoyed Mr. Pullin's very inter- 
esting lecture and I call upon Mr. 



Norman Hill to propose a vote of 
thanks. I would remind you that 
some time has been allowed for dis 
cussion. Mr. Pullin w3I be very 
pleased to answer any questiens. 
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DISCUSSION 



Mr, 0, L. L. FitzwiUiams (Member) 
Enquired as to the location of the 
freewheel component in the Cierva 
W.9 which he understood was in 
the rotor hub. This was confirmed 
by Mr. PuUin and the reasons given 
as to the choice of location. Its 
relationship to the rate of vertical 
descent is now included in the text. 
Mr. R. G. Robertson (Metnber). 

Was it not a fact that some years 
ago experiments were carried out 
with the use of aerofoil surfaces fore 
and aft on the fuselage in the verti- 
cal plane for torque correction? 
Mr. PuUin agreed that such 
tests had been conducted (see 
text) but as he aimed at a stable 
fuselage the aerodynamic surfaces 
were confined to that portion of 
the fuselage behind the rotor 
pylon. In any case, the S3nii- 
metrical arrangement would suf- 
fer in the same manner as the 
non-symmetrical model. 
Major H. 0. Nelson (Member). 

Have any experiments been car- 
ried out with variable sections on a 
rotor blade? 

Mr, Puttin assumed that Major 
Nelson referred to a variation of 
the section as from root to tip. 
Comprehensive tests were con- 
ducted on the Autogiro but the 
results were only marginal and 
did not warrant the construc- 
tional ^fficulties. On the other 
hand, the moulded blades on the 
Cierva had the adequate variation. 
Dr. Bishp. 

Should the constant speed unit 
be applied to the engine throttle or 
to the rotor pitch control? 

Mr. PuUin gave his views and 
thought that m the hands of a 
skilled pilot the constant speed 
unit should be applied to the 
engine throttle. This unfortunately 
placed the onus of change over from 
helicopter to autorotation on the 
pilot. As applied to the rotor. 



precision flying close to the 
ground was unpaired owing to the 
limitation of engine power and 
the moment of inertia of the 
rotor. He was experimenting with 
a combination of the two S3^tem3 
including an automatic change 
over. 
Group Captain Howard. 

Raised the question of the danger 
period when hovering between 30 
and 300 feet. He thought that an 
increase in the weight of the rotor 
blades would make more kinetic 
ener^ available for emergency 
landmgs. 

Mr. Pullin agreed that this could 
be done but the possible increase of 
blade weight would not give suffici- 
ent kinetic energy to me^t the case. 
The long travel ' undercarriage 
app^red to be the best solution at 
this juncture. 
Mr. O. Vines (Member): 

Does the pkstic material referred 
to for rotor blade finish adhere to 
wood and metal? 

Mr. PuUin : Provided the wood 
or metal is virgin material, i.e. not 
having been previously painted or 
treated, the plastic will adhere in a 
satisfactory manner. 
A Visitor: 

Asked for an explanation as to 
the inclusion of a constant velocity 
joint in the Cierva W.9. 

Mr. Pullin explained the Hooke's 
joint effect and how it was associ- 
ated with the rotor hubs of heli- 
copters. 
Mr. L. S. Wijdortchich (Member), 

Enquired as to the time lag of the 
reactive thrust yawing control. 

Mr. Pullin explained that the time 
lag on the Cierva W.9 was approx- 
imately .75 second but did not affect 
the hovering flight to any appreci- 
able extent. W.9 was a pure re- 
search machine but the resultant 
design study had reduced this lag 
to under .3 second. 
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Dr. Hislop: 

Was anything being done to im- 
prove the lon^tudinal stability of 
single rotor hehcopters? 

Mr. Pullin stated that the Cierva 
W.9 had been designed with quite 
a large horizontal offset of flapping 
hinges for this purpose. A full re- 
port will be issued in due course. 

Mr. F, H. Dixon (M€mber): 

Had experimentsbeen carried out 
with deflecting the tail jet for 
torque control while maintaining 
constant reaction. 

Mr. Pullin pointed out that the 
Cierva W.9 is fitted with tail jet 
deflectors which can effect the tnm 
about the pitching and rolling axes 
at the same time as giving torque 
balance. The direct control of fuse- 
lage attitude about the pitching axis 
was most useful as regards C.G. 
shift. 
Mr. Garraway (Member): 

Owing to scale effect, was the 
data obtained from models reliable? 

Mr. Pullin replied that quantative 
data, except for direct comparison 
with other models of similar scale 
should not be regarded as of prac- 
tical use. On the other hand, qual- 
ative information was most valuable 
and instructive. It could save time 
and money when related to full scale 
tests. 
Mr. F. H. Dixon: 

Written question. 
Dear Mr. Pullin, 

In thanking you for the most 
interesting lecture which you gave 
us last week, there is one question 
which I should like to have put to 
you before the meeting closed. Pos- 
sibly you may be able to answer it 
in the report of the lecture : — ^Would 
it be opportime to give us some 
figures for duration, height and dis- 
tance, established by the W.5 and 
W.B during the flight trials? In 
view of the historical importance of 
the work done by yourself I feel that 



these data would be of great interest 
to all of us. 

Yours sincerely, 

Signed F. H. Dixon. 

Mr. PuUin: 

In response to Mr. F. H. Dixon's 
letter I have included a brief history 
sheet of the flying of the Weir heli- 
copters, W.5 and W.6. 

MAKING HISTORY. 

G. & J. Weir, Ltd. 
Cathcart, 

GLASGOW. Licencees of the 

Cierva Autpgiro Co. Ltd. 
Co. Ltd. 
HELICOPTER W.5 
Designed and constructed by Messrs. 
G. & J. Weir, Ltd. 
Chief Designer — ^Mr. C. G. Pullin 
Test Pilot— Mr. R. A. Pullin. 

Brief Specification : 

•Single seater fuselage carrying 
outriggers on either of the fuselage 
supporting two bladed rotor hubs. 
Cyclic and collective pitch control. 
Rotor diameters 24 feet miming at 
435 r.p.m. Powered by Weir 50 
h.p. 4 cylinder in-line aircooled en- 
gine (blower cooled). 

All-up weight 860 lbs. 
Design commenced in October 1937 
and first free flight at Dalrymple 
June 6th 1938. 

This was Great Britain's first suc- 
cessful helicopter and apart from 
the German Fock6 machme, flying 
at the same time, was the world's 
second successful helicopter. It was 
and still remains the smallest and 
lowest powered helicopter to give 
flight demonstrations to officials of 
the M.A.P. etc. 

Over one hundred power take-offs 
and landings were made and the 

Silot's licence endorsed for helicopter 
ight. Maximum speed as checked 
at Dalrymple was 70 m.p.h. 

Rate of climb not measured but 
estimated to be 400 ft. /sec. at 30 
m.p.h. 
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The machine could fly forwards, 
backwards, sideways and rotate 
about the yawing axis. 

This aircraft was in use most of 
the time between June 1938 and 
July 1939. 

The flying of this helicopter was 
of necessity confined to the precincts 
of the aerodrome or football field 
but the log book indicated a total of 
some 78 flying hours. Component 
parts are still m existence. 

HELICOPTER W.6 
Designed and constructed by Messrs. 
G. & J. Weir Ltd. 

Chief Designer — ^Mr. C. G. Pullin. 
Test Pflot— Bfr. R. A. Pullin. 

Brief Specification : 

Two seater tandem fuselage carry- 
ing outriggers on either side of the 
fuselaee supportine the three bladed 
rotor nubs. Cycuc and collective 
pitch OHitrol. Rotor diameter 26 
feet running at 275 r.p.m. Powered 
by Gipsy VI Series II engines, 
blower cooled by Weir. Fluid fly- 
wheel included in transmission 
line. Constant speed unit fitted to 
rotor and automatic change-over to 
autorotation. 

All-up weight 2360 lbs. (unfaired) 



Design commenced in October 1938 
and made first fl^;ht October 27th 
1939. This was the world's first 
successful two seater helicopter. On 
the 28th October 1939 the machine 
established a further record by 
carrying two passengers, besides ttie 
pilot. 

Maximum speed was not checked 
owinf to the wartime restrictions on 
airfields and the test flying was con- 
fined to waste land at the Argus 
Foundry, Thornliebank, Glasgow. 
It was estimated that the speed in a 
closed circuit was in the region of 
80 m.p.h. with a calculated maxi- 
mum of 90 m.p.h. Rate of climb at 
25 m.p.h. was 650 ft. /sec. 

The machine could fly forwards, 
backwards, sideways and rotate 
about the yawing axis. 

Flight tests were in proeress from 
October 27th 1939 to July 1940 
when the Department was disbemded 
owing to the unfavourable turn of 
the war. A total of some 70 hours 
flying was recorded. 

The component parts of this air- 
craft are still in existence but the 
Gipsy engine was installed in the 
Cierva W.9. 



59 (IQ^). A imo// ram >tc unit for •Mpurimmiul tatL (Modi lo ^rawingt and kutruaioni itnitd br tht 

Aircraft fot and docket Corp., USJL). 

60 (cantre). End viow of ram /ec unit dopictad in S9. Th« ttub on tho hft hand cMe it for mounting en 

tho rotor a,m. Puol it containod in Iftc turrounding jackot. 

41 (Mow). A /'M unit of tho impulto typo. Noct the flap vatvtt at intake ond. (Mado to drawingt 

iuuod bjr the Aircraft /»c and MockM Cor^.. US.A.). 
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H. A. MAKSH, A.P.C., 



N THE CHAIR. 



Introduction by the Chairman. 



It fyKi me very great pleasure to introduce our lecturer this afternoon, 
r. R. A. C. Brie. I do feel that an introductioD is unnecessary as most 
you will cither know him personally or most certainly have beard of hia 
•ngs from time to time. 

Mr. Bkie has been one of the foremost exponents of rotary wing flight 
ice 1930 during which time he has never lost an t^portunity of spreading 
e gospel of rotary wing aircraft both by wnd and deed and has a number 
very interesting and successful flights to his credit. 

He is a Founder Member of our Assodadoa and if I had my way 
Nild have been its first Chainnan. He is also a Founder Member oi the 
nerican Helicopter Society and of a peculiar tribe known as the " Twirley 
rds," also of America. 

It was my good fortune to work very closely with Mr, Brie for some 
in before the war and there is no one better fitted to talk' to us on (he 
jjea be has chosen. 



Wing Cdr. REGINALD BRIE 



Mr. Chainnan, Fellow Members, and Guests: 

Time flies with such rapidity that in our efforts to keep pace with me 
present we are somewhat apt to overlook the past. I feel it appropriate 
therefore in the opening stages of my lecture to recall that it is almost a 
quarter of a century since the first successful Autogiro flight was accomp- 
lished. On January 9th, 1923, Lt Alejandro Gomez Spencer, a Spanish 
Army ofScer, flew the fourth full scale Autogiro to be constructed steadily 
across the Getafe Airfield at Madrid, and landed safely. 

This unique event opened up a new chapter in the field of aeronautics, 
and although its significance may not have been generally appreciated at 
the time, it is fortunate that there was one man at least, the creator of dus 
aircraft, who had no doubts on the matter. With infinite faith, patienoe 
and skill, he thereupon set about finding ways and means of solving cbe 
many secondary and highly complex aerodynamic and engineering prob- 
lems associated with this unorthodox method of flight. How well he suc- 
ceeded during the ytais following is apparent to all, for now the fruits of 
exploitation resulting from that historic achievement are about to be realised. 

It appears fitting, therefore, at meetings such as these when we meet 
to discuss one or the other of the many aspects ot rotary wing flight, that 
we should occasionally pause to pay tribute to such pioneering efforts; and 
in particular to direct our thoughts to the one man (alas, no longer with us) 
whose creative ability and genius not only made possible the Autogiro; but 
whose foresight and tenacity of purpose also so well and truly laid the 
foundations upon which the helicopter now so surely stands. I refer of 
course to Juan de la Cierva. 

To the not-so-well informed, the gyroplane— of which type of freely 
rotating wing aircraft the Autogiro is the classic example — has had its day. 
On the other hand there are many well informed and expert in the art who 
believe that it has not yet been developed to the fullest possible extent. To 
that I shall revert later, but it will suffice for the moment to emphasize that 
no helicopter could be considered a safe, let alone a practical proposition, 
unless, in the event of power failure, its main rotor system was capable of 
autorotation. Under those conditions it is, to all intents and purposes an 
Autogiro. It is also significant that the most successful helicopter con- 
figurations to date embody basic gyroplane features in their design. 

Although it is reasonable therefore to consider the helicopter as a 
logical development of the gyroplane, that does not necessarily mean to 
say" that that development has proceeded along entirely rational lines. 
Whether the helicopter as such is a better type of aircraft than the gyroplane 
depends to a great extent on the point of view forming the basis for such an 
assumption. Not only is it more complex mechanically, but it is also more 
difficult to fly. 
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The " diitct take-off" Autt^iro dearly indicated anothec meibod by 
which 1 no-nm take-off could be achieved. As a mcani to an end it was 
a itep in the right direction, and its development to a pracdcal stage was 




■ triumph of engineeriiv ii^eDuity. Nevertheless it was an inelegant way 
of adiieving a desirable objective; for transition frotn the static to airborne 
condition was too abrupt. The alternative method of the " towering take- 
off" demonstrated by the Hafner gyroplane also provided an accepuble 
interim solution to this particular problem. 

But the real key to the optimum in ultra slow speed flying perform- 
ance is undoubtedly the abiUty to hover in still air; and it is undisputable 
that the hchcopter has fairly, and adequately, bridged that last remaining 
and all important gap in the slow speed range. That gentle levitation 
dear of the ground; the effortless pause motionless in space; and the 
thistledown-like landing on one's own shadow is slow motion flying in its 
purest and most elegant form; the [»sctical attainment of which will always 
be associated with die name of Igor Sikorsky. 

In attaining this optimum at one end of the performance scale, how- 
ever, a penalty has had to be paid at the other, for no helicopter so ^r 
devised can be landed without power with the facility normal to the Auto- 
giro. The manceuvres associated with an autorotational descent and land- 
ing at present call for an unusually high degree of skill in pilotage, and a 
consequentially unnecessary hazard to the aircraft is involved unless, and 
until, the disc loading can be reduced to a more reasonable value. 

The too rapid loss in height resulting from this high disc loading i^ 
mainly due to the mechanical C(»nplcxity, and extra structural weight 
involved in applying continuous power to the rotor system. It is the major 
pan of the penalty that so far has had to be paid for the privilege of 
hovering. Kow that the basic prindples governing flight at zero speed 
have been esublished, more anention will undoubtedly be given to this 
problem of excessive weight; for any improvement cannot do other than 
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rcsuli in coTTCspoading beneficial advantages in other performance 
characteristics. 

Nevertheless, and as a means ot indicating that refinements in detail 
design do not necessariljr lead to that desirable reduction in structural 
weight which I am convinced is the most direa, logical and advantageous 




Fit. 2. C.19 Mk.IV Autogiro. 1932. 

approach to improved all-roimd performance, I propose to present some 
data based on dx past, the lessons of which may be of assistance in the 
future. 

In this analysis I have selected four different types of Autogiro, and 
one helicopter. The basis l<x comparative purposes is that all are, or were, 
in the two-seater category; all were produced in reasonable numbers; and 
each incorporated some essential refinement to enhance the performance 
of its predecessor. 
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The first is the C.19 Mk. Ill Autogiro of the 1930 period. With a 
weight empty of 935 lbs., and an all up weight of 1,400 lbs., this machine 
had a four-bladed rotor; blade interl^acing and suspension cables; stub 
wings with ailerons; a biplane type tail with elevators and rudders; and an 
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cngme of 100 fa.p. This aircraft had the unusually low disc loading of 
1.5 lb./>q. h. but a high power loading of 14 lb./h.p. 

The next sdecdoh is the C.19 Mark IV Autogiro. Although the con- 
vendonal aeroplane type controls and the same power plant as in the Mk. 
Ill were retained; the main rotor now had only three blades, and the tail 
was of conventional appearance. The essential refinement in this case was 
the installation of a clutch to simplify the take-off technique which hitherto 
had been somewhat cumbcrstimc. Nevertheless, despite the obvious clean- 
up in external appearance the empty weight had increased by 122 lbs. 
l^e all-up weight was correspondingly increased also by the round figure 
of 150 lbs.; the disc loading went up from 1.5 to 1.7 lb./sq. ft., and the 
power loading from 14 to 15.5 lb./h.p. Note particularly that the equi- 
valent of an extra passenger was already showing itself in the shape of 
increased structural weight. 

The third example is the well-known C30 " direct control " type fif 
Autogiro. Here the stub wings and all normal control surfaces have been 
disposed with. The flying controls were reduced in number to the barest 
minimum of two— iust a hanging stick type of control column and a 
throttle. But the empty weight had now jumped another 212 lbs.~-w=ll 
over the equivalent of another passenger — and the all-up weight by no less 
than 350 lbs. Al±ough the rotor diameter was increased by 3 ft., the 
disc loading rose to 1.76 lb./sq. ft. Note also the necessity for an increase 
of 40 h.p. from the engine to keep the power/weight ratio within reason- 
able limits which, ai 13.6 lb./h.p. was an improvement on the previous 
type. Here the essential refinement in design was a form of control the 
efficiency of which was quite independent of translational speed. From the 
general p e r fo rm ance point of view there was no improvement on the previous 
type. 

The fourth type is the C.40 " direct take-off " Autogiro. The peiuliy 
of ludue structural weight on performance had by now become more fully 
appreciated, for despite a further increase of 3 ft. in the rotor diameter, 
and a more mechanically complicated rotor hub and transniissional system, 
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the empty weight increased by only 81 lbs., and the all-up weight by a 
modest 50 lbs. There was a marked improvement in the disc lading at 
l.S Ib./sq. ft.; and, resulting from an increase of 35 h.p. in the power 
requirement, the power loading was also reduced to the more reasonable 
value of 11.1 lb./h.p. This particular Autogiro was the direct forerunner 
of the single rotor helicopter, for the essential refinement in design enabled 
it with full load to make a no-run take-off in still air. As stated previously, 
this particular method of take-off had not the elegancy of the seemingly 
effortless take-off normal to the helicopter; but as a means to an end it 
was effective. 

Finally, we come to the first practical type of single rotor helicopter, 
the well-known and familiar Sikorsky R.-4. The essential refinement in 
design is of course the continuous application erf power to the main rotor, 
and the addition of a tail rotor; the combination providing the ability to 
hover, and a hitherto unusual degree of slow speed manoeuvrability about all 
axes. But the price paid in additional structural weight at 661 lbs. has 
been a heavy one; the power loading, despite an extra 35 h.p., has increased 
to 12.7 lb./h.p.; and, worst feature of all, the disc loading has now gone 
up to the unduly high value of 2.24 Ib./sq. ft., which, translated into more 
practical terms implies a power-off vertical rate of descent with full load 
in still air of 40ft./sec., or about 27 m.p.h. 

A summarization of the foregoing analysis indicates that the ability 
to hover has thus far ptQved to be an expensive luxury. Expressed again 
in practical terms, the Sikorsky R.-4 helicopter by direct comparison with 
the C.40 Autogiro is actually carrying in the shape of added structural 
weight the equivalent of almost four extra passengers; or alternatively an 

additional six passengers by 
comparison with the earliest 
practical C.19 Mk. IV Auto- 
giro. Expressing this in another 
way, the helicopter as we know 
it is roughly 1,000 lbs. heavier 
than the comparable gyroplane, 
and requires twice the power, 
with no corresponding improve- 
ment in the useful load, high 
' '^ speed, rate of climb, or basic 

landing performance charac- 
teristics. 




"^ 



I 




Pig. 4. Sikorsky R-4 helicopter 
— less conventional undercarri- 
age — hovers well clear of ground 
cushion effect. 
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I particularly stress this structural weight aspea because I know only 
too well from past practical experience its influence on power and disc 
loading, and the undesirable effea it has on performance generally. 

At the week-end meetings which used to be a feature of pre-war flying 
activities it was occasionally necessary to do a certain anHnmt of juggling 
with removable equipment prior to staging a special demonstration, and I 
recall quite vividly how the removal of just one gallon of oil — the equiva- 
lent of only ten pounds in weight — from the tank of a C30 used to make 
a remarkable difference to the take-off, slow flying and landing character- 
istics. When thus flying extra light one seemed to strike an optimum value 
in performance, for the aircraft was certainly much more lively to handle, 
widi an appreciable improvement in response to a given control movement. 

Thus it might well be asked whether, in fact, the development of this 
particular and inherent hovering charaaeristic of the helicopter has been 
worth while. To that there can be only one very positive answer, for the 
ability to operate a mechanical contrivance directly from or above any kind 
of terrain, whether it be land, water, snow, ice, or even the stickiest mud, 
opens up a vast and hitherto untapped field of usage. For centuries man- 
Idnd has been waiting expectantly for such a miracle to happen, the 
potentialities of which are such as to stagger the imagination. 

But die helicopter is nothing more or less than another means of 
transport. Its main purpose is one of convenience; to save time; and if it 
is to take its rightful place with other and more normally accepted means 
it must be able to operate with facility and safety. Additionally, of course, 
it must be able also to operate economically, but that particular aspea is 
not of immediate importance. 

So in considering the problems associated with any particular form of 
helicopter operation, it is essential from the outset, if the objective is to 
have any practical value, that certain basic features of design should 
conform to certain definite minimum standards of requirement. 

First and foremost, therefore, I consider that the most important 
requirement governing the basic features of design applicable to any type 
of helicopter intended for practical operation, is that the take-off and landing 
must be accomplished with greater facility, and the exercise of less skill 
than is possible at present. Whilst any tdce-off is entirely optional, the 
same cannot be said about any landing. Consequendy I attach particular 
importance to the power-off autorotadonal characteristics, and thus to the 
value of disc loading, which for any given diameter of rotor is roughly 
proportional to the weight carried. The most direct method of reducing 
the disc loading to a reasonable value is by the simple expedient of getting 
rid of much of that excess structural weight, the extent of which I have 
already indicated. On this particular activity, there is undoubtedly con- 
siderable scope for ingenuity on the part of engineers who are specialists 
in weight control; for there is no denying that in the past there have been 
glaring discrepancies between design estimates and those actually achieved 
in practice. 

So I would say, " Look after the disc loading, and the power loading 
will look after itself." With the amount of practical knowledge and ex- 
perience now available surely it is reasonable to expea that imder full load 
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conditions^ the values of power and disc loading on the helicopters at to- 
morrow should not exceed ten and two respectively. On the other hand, 
if I were asked what I considered a desirable target to aim for in regard 
to disc loading, I would unhesitatingly reply 1.5 lb./sq.ft. 

The rotor configuration employed on any particular type of helicopter 
is, or should be, largely influenced by general performance requirements, 
and in the present state of the art the designer appears to have many alter- 
natives at his disposal. But there are traps for the unwary, for the 
apparendy simple theoretical layout may prove to be quite imi)racticabk. 

I suggest, however, that as long as it can be made to sufiSce, the 
employment of a single main rotor is preferable to that of a multiple 
system, if only from the point of view that it is a known quantity; is more 
simple mechanically; and easier to maintain. Although a tail rotor may 
offend the aesthetic taste, it is a most efficient and practical means of 
correcting torque, and provides a quality of control in the yvLvring plane 
for which it may prove difficult to devise a more efficient substitute. 

Now almost an antique, the Sikorsky R-4 is still the only practical 
type of helicopter in daily use in this country. Although somewhat tricky 
to handle, its use in many parts of the world has been instrumental in 
providing a most valuable source of knowledge^ and experience, of an 
extremely varied nature. As a result it seems likely that certain essential 
refinements in detail design will be an important feature of ail new proto- 
type construction of the immediate future. Consequentiy I propose to 
make only a brief reference to certain features of design, which are a 
matter of common interest to all concerned with helicopter operation. 

From the control point of view, the principal handicap hitherto has 
been the necessity for manual adjustment and synchronization of collective 
pitch and throttle during flight; and the manual reduction of pitch in the 
event of engine failure. This has now been successfully overcome by purely 
automatic means. Whether it is preferable to use a normal thronle lever, 
or the more conventional helicopter collective pitch lever as an altitude 
control is a question for which only the actual user can provide an adequate 
answer. Personally, I believe that the proposed use of the main pitch lever 
as a means of reducing rate of descent during a genuine forced landing 
will be found in practice to call for such an unusual degree of timing and 
precision as to make the desired result somewhat difficult of achievement. 
For that reason I would prefer ^at the pitch of the main rotor should be 
governor controlled, and that control of the engine should be by means of 
a conventional throttie. Bener still, I would prefer that there should be 
no necessity ever to have to worry about the pitch of the main rotor; that 
it should always be well within the autorotative range. 

Pilot fatigue, especially on cross-country flights, is accentuated by 
residual off-set loads in the control colunm. These loads arise from a dis- 
placement of the C.G. of the aircraft, and their suppression by means of 
some simple and easily operated form of mechanical bias is most desirable. 

For a considerable time I have felt that the push-pull, split wheel 
type of dashboard mounted control colunm is particularly well suited lo 
rotor systems, and that experimentation with such an installation would t>e 
a most useful form of research activity. With the incorporation of suitable 
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friction means to locate the fore and aft position of the rod, as well as the 
lateral position of the wheel, it should be possible, with correct adjustment, 
to fly hands-off with facility and precision. 

Although I do not believe it to be an essential immediate requirement 
that helicopters must be able to fly on instruments alone, I believe it to 
be a matter of importance that they should be able to do so. There is 
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Fig. 5. Sikorsky R-5 equipped with pontoons. 

no doubt at all about the acmal efliciency of present control systems, but 
there is considerable room for refinement in design, and I feel the optimum 
will not have been reached until one can fly blind with facility. 

Whilst from the control point of view the number of blades per rotor 
is immaterial, there are of course certain aspects of rotor blade design 
which have a most important influence on helicopter operation. It is not 
my intention to endeavour to elucidate those various parameters which 
form the basic features of design, for that particular field of specialist 
activity is the strict preserve of the aerodynamicist and the engineer. 
Suffice it to say that the basic requirements governing the employment of 
any particular rotor configuration are that it shall remain attached to the 
aircraft; that it shall continue to rotate during all conditions of flight; and 
that it shall be free from excessive vibrations. 

Whether the individual blades shall be constructed of metal and wood 
(which is the most highlv developed form of assembly to date), or alter- 
natively whether they shall be all-wood or all-metal is not a matter about 
which one should attempt to be dogmatic. From the design point of view 
there is much to be said for all three methods. What is of major concern, 
however, is the behaviour in flight cf the finished product, for here the 
operator, the maintenance engineer and the pilot all have a vital interest. 
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Ease and cbeapnen of production; regularity of aerodynamic contour; 
smoothness of pro^ finish; standardization of unit weight; and resistance 
to damage, are all essential features of good blade conitmction. 

Cheapness of production is of concern to the operator because the 
purchase price of the finished assembly, and expenditure on replacements, 
has a direct bearing on operating costs. 

StandardizatJCTi of unit weight, and resistance to damage, affects both 
the operator and aircraft engineer in that it allows an appreciable reducdoa 
in the number of spares which must be carried; and coosiderabty reduces, 
in fact, ii might altogether eliminate, a lot of wasteful effort and time spent 
in balancing and maiching rotor blades. 

Resistance to damage particularly includes the abrasive effects of heavy 
rain or hail ra the leading edges, the repair of which also involves many 
hours of matnKnance work, and much needless expense. 

The regularity of aerodynamic shape, and smoothness of profile, are 
matters of direct concern to the pilot who is vitally interested in the absence 
of undue vibratian, and the propulsive efficiency of the rotor system. 

Theoretically the all-metal type of blade construciioa would appear 
to be the ultimate answer, although I have no doubt that the protagonists 




of the laminated compressed wood school of thought can produce ver; 
convincing evidence against such a suggestion. A considerable amount of 
parallel research on both methods is currendy talcing place, and the decision 
as to which is the best method must be left to time, and the user. 

Ease of rotor storage is another matter of operational importance likely 
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to call for much ingenuity in design. The question here involves redudng 
the overall dimensions of the aircraft for hangarage, or other reasons. 
Should the blades be capable of folding over the tail; or should a master 
blade be located aft of the pylon, and the remaining blades be removed 
and stored along the fuselage ? Folding has the advanuge of reducing 
the possibility of damage in handling ; but how, especially on bigger types 
of helicopters, is folding going to be accomplished except by mechanical 
means ? That in mm means more mechanical complication and additional 
weight. On the other hand exactly how are blades to be removed, and 
reassembled, without the aid of specially devised lifting equipment ? 

Of course it may conceivably follow that this particular problem will 
only arise with tbe lighter types of personal hehct^ter with which road- 
ability will undoubtedly be a major feature of design and uiihty at some 
future date; and thai in general it will be normal for transport type heli- 
copters to remain parked in the open with rotors ezttnded, except for 
purposes of major overhaul. 

Even so, however, scHiie means will be essential to prevent undue 
stresses at the root end, and damage to the bUdes resulting from undesirable 
modoD about tbe flapping hinges, due to wind action. The present normal 
method of restraint is by means of flexible covers on the blade tips. But 
^ rotor hubs of bigger heUcopters are likely to be at such a height above 
gromid level as to make tbe blade tips unreachable other than by some kind 
of ponaUe ladder, which might not be readily available when particularly 
re^nred. 

A possible answer to this problem might be smie form of retractable 
anchorage eye mounted internally of the blade and towards the dp, which 
can be caused to retraa automatically during flight, and is mly open when 
the rotor r.pjn. fall below a 
certain predetermined value. 
The only piece of removaUe 
equipment which would then 
be required would be a 
hooked rod with a length of 
cord anached for connectimi 
10 some convenient part of 
the undercarriage or fuselage. 



Fig. 7, Sikorsky R-4 in Hovering 
flight. Mr. Igor Sikorsky con- 
v*rits aiik crew. 
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Precisely tbe same problem of blade restraint under cotnpanMe coo- 
ditions will arise with any form of rigid rotor system, if ever one provn 
to be practical; although, as any rigidly mounted form <A cantilever Made 
is in fact flexible in the flapping plane, it is more correct to refer to sudi 
a system as " hingeless ". * 

Having discussed cenain features of design common to helicopters in 
general, the influence of which have an important effect on the operatico 
of the aircraft, let us now consider the problem of actual helicopter 
operation, and tbe influence it is likely to have on design. 

The benefit of practical knowledge gained from past operational 
experience is already considerable. Althou^ mainly of a Service nature, 
ihu knowledge is equally valuable and applicable to dvil activities. In 
faa, it is quite evident that the basic dividing line between Service and 
civil requirements, and its influence on design, is a fine one. Any form of 
difficult or normally inctHivenient short distance communication; rescue in 
its many guises; pest control by dusting or spraying; tbe carriage of mails; 
geological surveys and oblique photography, are but a few of the many 
obvious examples of duties for which the helicopter is particularly well 
suited. So much so, in fact, that there appears to be no definable limit 
to the potentialities which lie ahead. 

Tbe necessity for the belict^ter arises from the universal realisation 
that there exists a gap in the facilities provided by existing means of 
communication. The aeroplane suffers, from the liinitation of requiring 
specially prepared areas of considerable size to permit it to take-c^ and 
land with reasonable facility. In ccmsequcnce, and to justify its use from 
an economic standpoint, it is forced to operate between fixed and widely 
separated terminal points. On 
the other hand, and although 
able to operate over routes 
of extremely short distances, 
the train and the omnibus 
is also equally dependent on 
specially prepared tracks or 
roads, the limitadon of which 
have tynly become apparent 
with the ever growing 
realisatim of tbe advan- 
tages arising frcm tbe use 
of tbe air as a means of 
saving time. 

Fig. S. Deck landing txptrimtnti 
on British merchant ship " Dag- 
htstan." In foreground is txperi- 
menial version of Brie patent 
landing and launching platform. 
VS. wa/ers, 1943. 
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The primary function of the helicopter therefore is to forge the 
missing link which will bridge that obvious gap in the facilities for travel 
at our disposal, by providing a degree of flexibility hitherto unattainable 
with any other means of transport. It should therefore be considered as 
a valuable adjunct to the aeroplane, the train, the bus, and incidentally 
to certain nautical activities ; for at this particular stage in its development 
it would be unwise to attempt to employ it in any directly competitive 
manner. Only as and when convincing proof is forthcoming of the 
helicopter's ability to render superior service should it be considered as a 
replacement of existing means. 

To have any worthwhile utility value therefore, the helicopter must 
be able to provide, and carry out, some essential public service in a 
convenient and acceptable manner. It must be able to save time and 
e£fort. Further, it must be able to do so economically. With that object 
in view it must be able profitably to carry a reasonable pay load ; whether 
in the form of passengers or cargo depending on the nature of its 
employment. 

Despite the limitaticms at present imposed by excessive structural 
weight on the load which a helicopter can carry for a given power, con- 
vincing proof is already to hand of its possibilities as a weight lifter under 
favourable conditions. By way of illustration here is a slide of the Sikorsky 
R-S type (which for military purposes was originally designed as a two 
seater), aii1x)me with sixteen passengers ; in actual weight the equivalent 
of a ton, or double its normal useful load. (Fig. 6.) 

Obviously one cannot carry fare pairing passengers about in such an 
exposed manner, but does it not appear possible that with some suitable 
rearrangement of the shape of the fi^age at least half that number could 
be carried conveniently on a journey, the duration of which might be 
only a matter of a few minutes? The helicopter itself is still somewhat 
unconventional, and thus provides a suitable motive for treating the peculiar 
problems of design associated with its employment in an unconventional 
manner. 

Alternatively, and when used as an aerial crane for transporting bulky 
loads over short distances at low speed, where is the necessity to think in 
terms of streamlining, internal stowage, or even a fuselage in the accepted 
sense at all? A bulldozer is none the less efficient because it bears little 
resemblance to a lorry! 

Another feature of design worthy of serious consideration relates to 
the undercarriage structure. Do we need conventional aeroplane t3rpe 
wheels and brak^ on an au*craf t which normally takes off and lands without 
any forward run, and with which even taxying is an exceptional and un- 
necessary manoeuvre? Further, what is the necessity for massive and 
weight consimiing shock absorbing struts? If it is considered imperative 
to provide some additional safeguards to acconmiodate the impact loads 
following an autorotational landing in the event of power failure, may it 
not be possible to devise some alternative and lighter arrangement in lieu? 

One of the unique operational features of the helicopter is associated 
with its amazing amphibious characteristics, and this independence cf 
terrain so enhances its general utility value as to focus attention on the 
provisioD of suitable means for providing buoyancy. To date the use of 
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low pressure air inflated rubber type pontoons has proved very satisfactory, 
but it is suggested that here is another instance where the versatility cf 
the helicopter stimulates thoughtful investigation, and the exercise of 
ingenuity on the part of designers, into the possibility of evolving a li^iter 
and more elegant means of amphibious structure. 

With shipboard operation involving flights over the open sea, pontoons 
or floats would obviously be impracticable for landing in rough water, 
although in any case some form of floatation gear must be provided for 
the crew. Even wheels would serve no useful purpose on the flight deck area 
owing to limitations of space. Hence this is an instance of special appli- 
cation where the conventional undercarriage might be entirely dispoised 
with, and the corresponding weight saved put to some more us^ul purpose. 
(Fig. 4.) 

The helicopter has the alxlity to make any vessel with sufiSdent space 
to accommodate it an independent aircraft carrier, and experience to date 
has indicated that an aft location is most suitable for flight operation. 
When such a vessel — a cruiser or merchant ship for instance — ^is subjea 
to any pronounced rolling or pitching movement, the small specially pro- 
vided flight deck area is subjea to an appreciable lateral and vertical 
displacement which can best be described iis a kind of corkscrew wallowing 
motion. This instability, however, is (rf a non-periodic order, and during 
die few seconds availaUe when at its minimimi, a take-off or landing 
present no undue difficulties. A major problem with such operation is 
associated with providing adequate means to restrain the aircraft on the 
deck during the period of maximum instability, and yet enable it to take-off 
and land with facility whenever so desired. Manhandling under such 
conditions is not only dangerous but impracticable, and the ideal solution 
must be such as to allow &e pilot to carry out all essential manoeuvres of 
his own accord. 

To this end the aircraft might be mounted on a platform of small 
area (say roughly half that of the rotor disc area^, which is capable of 
being oriented into the resultant wind, thus obviatmg any necessity for a 
change in the ship's heading. (Fig. 8.) The platform itself could consist of a 
hollow rectangular frame within which are located a number of equally 
spaced flexibly tensioned cables, on which the aircraft is mounted and 
anchored by means of suitable hooks fitted to the lower sides of the 
fuselage. These hooks would be self-locking on making contact with the 
supporting cables, thus automatically anchoring the aircraft, and relieving 
the pilot of any anxiety about its stability or safety. For the take-off, 
and at die pilot^s discretion, the hooks would be released by means of an 
auxiliary control. 

It is conceivable that some such form of landing and take-off platform 
might also prove of practical use for normal commercial helicopter operation 
from a fixed base on land, for this conception of an undercarriagekss 
aircraft appears to offer a positive and simple method of saving unnecessary 
structural weight, thus providing the means for an appreciable increase 
in useful load carrying capacity. 

At this particular stage in the development of the rotary wing art 
it would be a matter of pure conjecture to attempt to predict exactly how 
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helicopters will uldmately be used for carrying fare paying passengers ; 
the nature of the routes on which they will be operated ; or the minimum 
capacity which will prove economically acceptable to operators. 

Let us be content therefore to leave the distant future to itself, and 
think in the more positive terms of the present and immediate future. 
In the Sikorsky S-SI type which is now being produced and operated in 
America, and models of which possibly will be in use over here later this 
year, we have adequate proof of the existence of a practical type of helicopter 
with immediate commercial possibilities. (Fig. 9.) 

To many people, some of whom are not too well disposed towards 
the unconventional, the idea of giving serious consideration to an aircraft 
with a cruising speed of only 80 m.p.m. appears somewhat ridiculous, so 
it appears worth while recalling that the aeroplanes used on the first com- 
mercial services operated in this country, and elsewhere in 1920, had a 
similar cruising performance. 

Now, however, it is not the intention to operate between one country 
and another, or over what in those somewhat distant days were com- 
paratively long distance routes of 250 miles or so: but rather to take 
advanti^e of the inherent limitaticms of the aeroplane by operating on 
those time consuming short distance journeys between terminal airport 
and dty centre : between one populated area and another ; and between 
one county and another. 

For speed as such is relative, and quite meaningless in the field of 
air transportation unless it can be employed and used advantageously. It 
is not the maximum speed, but the average speed at which a journey is 
accomplished which matters. With helicopter operation there is no neces- 
sity to think in terms of miles an hour as such ; but rather to plan in terms 
of elapsed time. In other words, how. long will it take to get from the point 
of departure to point of arrival? 

It will suffice to mention that over a distance of 150 miles under still 
aur conditions, a helicopter cruising at 80 m.p.h. and capable of operating 
from the centre of one dty to another, is relatively as fast as an aeroplane 
cruising at twice that speed. Not only has the tedious road journey to and 
from ^e airport been eliminated, but from the passengers point of view 
there is the added convenience of avoiding an unnecessary change from one 
vehicle to another. 

With the example given, however, there is of course no advantageous 
saving in time as between one method and another, so one could assume 
that at present it would be advisable in the case of helicopters employed 
on scheduled route services to limit the maximum range to a distance of 
100 miles. 

At the other end of the distance scale there is the fairly obvious feeder 
route of ten to fifteen miles between terminal airport and city centre. 
In effect this would amount to a spedal charter service for the convenience 
of airline passengers, and the frequency of service would depend to a great 
extent on the aeroplane arrivals and departures at the airport being served. 

It may well be that many passengers arriving at Heathrow for instance 
might not necessarily desire to enter London at all, but would prefer lo 
travel direa to their ultimate destination which still might be only a few 
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miles distant. This kind of service would open up an entirely new field 
in airport traffic dispersal, in which the airport itself would be the bub, 
and the helicopter services would radiate to all points of the compass like 
the spokes of a wheel. 

On die other hand, and despite the ability of the helicopter to operate 
from practically any small open space, it would be illogical to expect 
that in actual practice it will be allowed to do so indiscriminately. Owners 
of property and the public in general have their rights, and it appears 
reasonable to anticipate that in the course of lime there will have to be 
provided carefully selected, and possibly licensed areas for helicopter 
operation. 

The precise solution to this and many more such pertinent problems 
will only become apparent through practical trial and error methods; but 
as operation to and from the centres of towns and cities with their densely 
populated areas, may possibly be one of the main objectives of scheduled 
or unscheduled helicopter services involving the carrying of passengers 
and mail, there are certain other factors which also call fw serious 
consideration. 

For instance, all civil flying activities are governed by the Air Navi- 
gation Regulations, and the question might well be asked as to how 
helicopters can land and take-off from the centre of London for example, 
if one of the main provisions of these Regulations is that no aircraft may 
fly over a popuUted or built-up area except at such a height that io the 
event of power failure it can glide to the outskirts to land? 

The object of this provision of course is for the protection of the 
interest of persons and property on the ground, and whilst its application 
in so far as helicopters are concerned might at first sight appear to be 
unduly restrictive, there is no doubt at ail but that ai this particular stage 
of development it would be as well to keep it in force. However optimistic 
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we may be about this new method of travel, let us not be blind to its 
limitations. Although it is conmion knowledge that a helicopter can land 
in a very restricted space, it is not so generally appreciated that the minimum 
area considered necessary for normal operation where obstructions are 
present, is of the order of 100 yards square. For such a convenient parking 
place to be readily available for an emergency landing in the event erf 
power failure for instance, would be nothing more or less than sheer luck. 
To gamble on such an improbability would be the height of folly, and it 
is for that reason alone, that the employment of any single-engined helicopter 
for any purpose in a built-up area, calls for the most careful consideration 
before being permitted. 

I am not opposed to roof top operation as such, for such SLpptSits 
inevitable at some future date; in fact the upper structure of existing 
terminal railway stations appears to be particularly well suited, both as 
to size and location, for tlus particular purpose. But as a precautionary 
measure, an essential preliminary feature of aircraft design should be the 
installation of two power units, so that height can be maintained on one 
in the event of partial power failure. 

Nevertheless, there is urgent necessity for an intensive period of 
practical experimentation of a day-to-day nature, to enable factual data 
to be obtained as to the extent of the need for inter-city services; in what 
manner they should be operated: the type and size of helicopter best 
suited for this specialized purpose: and where the terminal centres are to 
be located. 

In the meantime therefore, it is suggested that this valuable and essential 
information can readily be obtained with a single engined helicopter, and 
the use (rf the river Thames. Not only does this river flow through the centre 
of London, but it also provides an easily identifiable route from above, 
which can be followed with facility, even under conditions of extreniely 
poor visibility; in fact flying need only cease when the tops of bridges were 
obscured. As a temporary expedient a moored flat topped barge in the 
Westminster or Blackjfriars area would suffice for the central city terminal; 
incoming aircraft being confined to one bank of the river, and outgoing to 
the other. For later commercial operation the barge could be replaced by 
small specially designed platforms sited at frequent intervals along either 
bank; the number and location of which would naturally be dictated by 
experience. As a precauticmary measure against the possibility of a forced 
landing, which would deliberately be made on the river, the aircraft would 
be equipped with pontoons, and some form of light anchor to guard against 
tidal flow. 

It was as long ago as 1934 that I first conceived and officially proposed 
this ** Riverdrome " scheme and, with the exception that it is now proposed 
to use helicopters instead of Autogiros, I believe that conception today to be 
as logical an approach to a pressing problem as it was then. 

As a means to an end this scheme has the essential practical qualities 
of simplicity, low cost and maximum safety. For it to be tried out, some 
relaxation of the Air Navigation Regulations is still necessary; but I submit 
the use of the r' v er does provide a reasonable loophole for special dispen- 
sation by the controlling authority. 
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Another feature of desiga which will undoubtably call for itKntioa 
wherever frequent low altitude flying over populated areas is invdred, 
is an appreciable leductioa in the nmse IctcI from the engine. This 
probably would involve the addition of a little extra weight, but its effect 
on performance should be negligible, at what amounts to sea level operatioo. 
I have already referred to the proven capacity of the helicopter as a 
weight lifter, and for certain requirements there seems to be no reason why 
any well desigoed helicopter should not be capaUe of lifting its own wei^ 
in the form of useful load. In order to take advantage of all the possiblides 
that the helicopter has to offer it is necessary to ^vorce one's mind and 
its associated ideas, from what might be termed " the fixed wing complex." 
For the time being at any rate, ^ helicopter is a short haul vehicle. Ai 
such its endurance, and thus the quantity of petrol it must carry need be 
expressed in terms of minutts mly. If this assumption is correct, hoe 
is another method by which the pay load might be increased. Where and 
bow are the additional passengers thus made possible to be accommodated 
under a single rotor? And in what manner will the resultant subiltty and 
trim problems be met? 

It is also pertinent to enquire whether passenger seats are really 
necessary on sudi short distance journeys, or whether in fact the valuable 
space ntffmally taken up by such revenue eating fittings might not be more 
advanugeously utilized for the mutual benefit of the " aerial strap-bangei "; 
and operator? If course I do not expect such an unorthodox suggestion to 
be immediately accepted in certain quarwn with the seriousness it deserves, 
if only on accoimt of the fact that in this country it has not yet been posaihle 
to reproduce or even demonstrate, the vast strides being made elsewhere. 
A fortunate and most agreeable characteristic of rotary wing flight, and 
one which all passengers will be quick to apprecisK, is the apparent immunity 
tA the aircraft from the disturbing and unpleasant effects occasioned t^ 
gusty air conditions. The rotor is in effect an efficient aerodynamic shock 
absorber, which absorbs 
and dissipates those 
sudden jolts, which nor- 
mally cause persooal 
discomfort, before they 
reach the fuselage. 



Fig. 10. A lypicai tx- 
amph of an unttcMt 
piatform. To fadlitiat 
shipboard optration, post- 
ihii anchorage of tkt 
htlicopler to iht deck ii 
eaenlial. 
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If my amception of the future possibilities of helicopter travel, is as 
well-founded as I believe it to be, there is equally good reason to be 
optimistic also about developments generally in the aircraft itself, for it 
seems possible that the twenty and thirty passenger helicopter might be 
much nearer to practical fulfilment than tutberto suspected. 

With the cumulative knowledge and experience now available, an 
intensive and accelerated progranune of short-term research into the possi- 
iMlities of bigger, and more efficient rotor blades might be productive of 
rather suprising results. It is my firm belief that only the fringe of what 
we may ultimately achieve with a single rotor system has as yet been 
touched, and I would like to see a rather more concentrated effort devoted 
at this stage to the engineering problems involved in the development of 
a 60ft. diameter rotor, rather than to multiple rotor systems of smaller 
diameter, but greater mechanical complexity. 

To go from one extreme to the other, a rather extraordinary feature 
of current activity in this country is the neglea of the private owner's 
requirements. The reason for this apparent indifference to the sales 
potentialities of the personal type of helicopter is somewhat difficult to 
understand, for one would have thought it a comparatively simple and 
straightforward matter to construct a small machine capable of carrying one 
or two persons. Exactly when and in what matter this situation will change 
is problematical, but my own opinion is that the automobile industry, with 
its highly developed engineering methods of production, is in an 
exoeUent position to participate in the potentialities of this alternative, 
and most promising method of transport, whenever it chooses. 

Earlier in my lecture I referred to the relative performance character- 
istics of the Autogiro and the helicopter, and the penalty so far paid in the 
achie^nement of hovering flight. Quite apart from the immediate necessity 
to tackle the problem of a reduction in structural weight, it appears likely 
that that desiraUe improvement in all-round efficiency and performance HMiy 
come about through some bright new idea for achieving vertical flight 
without the necessity for the present complicated transmission system. Tlie 
torqueless rotor which is always functioning well within the autorotative 
pitdi range is obviously the basis erf approach, but whether the rotative 
means for take-off and landing will be by jets, rockets, or some other at 
present obscure method, must be left for the future to decide. 

Shorn of its technicalities, the helicopter is nothing more or less than 
a very precise and highly ingenious example of mechanical engineering. 
In discussing its limitations, and the associated problems of operation and 
design I have endevoured to be tolerantly critical, but constructively so. 
Above all I have tried to be realistic and provocative, and I thank you for 
coming here this afternoon to Usten to me. 
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Introduction by the Chairman 

Ladies and GenAemen, 

As most (A you know this is the Fourth and last lecture (rf our present 
session, the other three having been given by Gp/Capt. LiPTROT, Mr. 
G G. PuLLiN and Mr. R. A. C Brie, covering an historical survey, design 
and c^ieration <A belia^ers, etc., and to-day our lecturer is discussing 
" LintitBtions in Helicopter Design." 

It gives me very great pleasure to introduce Dr. Bennett to you, for 
I have known him personally for fifteen years or more, during the wbcrie 
of wbich time be has been intimaiely associated with rotary wing and 
helicopter design. 

For some years prior to the war. Dr. Bennett was with Messrs. 
G. & J. Weir and the Qerva Autc^ro Co.; and during tbe war was 
CT.O. at the Airborne Forces Experimcnial Establishmeni and spent two 
years in the U.S.A. where he latterly was attached to Wright Field as 
project engineer cki helicopter research. He is at present head d the 
Helicopter Branch <rf the Fairey Aviation Co. Ltd., and besides his many 
academical qualifications he is a F.R.Ae.S., a Founder Member and a 
Member of tbe Council of our Association, a Member of the Helicopter 
Committee of the Aeronautical Research Council and a Member and past 
Vice-President c* the Helicopter Society of America. 
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It can be readily seen that he is eminently suited to talk to us on the 
subject be has chosen. 

On behalf of the Association it gives me great pleasure to welcome 
our guests this afternoon, who I feel sure will be well rewarded for coming 
along. 



Dr. J. A. J. BENNETT 

Mr. Chairman, Members of the Helicopter Association and Guests, I 
regret that I have chosen as the subject of my talk: "Limitations in 
Helicopter Design." I think that a more appropriate title for this afternoon 
would have been: "Limitations in Design for Living.'' However, we 
have already heard enough about that from the Ministry of Fuel and I 
shall endeavour to confine my further remarks to the subject of helicopters. 
I should like to say first of all how gratifying it is, to those (rf us who were 
conoemed with rotary wing development before the War, to witness, in the 
immediate post-war period, a general acceptance of the helicopter as a 
practical aircraft, and a widespread enthusiasm for its unique character- 
istics. There is no longer any doubt about the future possibilities of the 
helicopter, thanks to the intensive work of Igor Sikorsky and his colleague 
Michael Gluhareff, under the direction of whom the helicopter first 
became a fuUy-fledged flying machine. 

In spite (rf this historic achievement and the subsequent production 
of military helicopters in the United States, I believe that we still have a long 
way to go in the investigation of the basic problems ot rotary wing flight. 
Fortunately, due to the woik of Juan De La Qerva and those who had the 
foresight to sponsor his experiments, there is available a background (rf rotary 
wing experience that helps in the appreciation of the inherent limitations 
which have impeded, and continue to impede, progress in helicopter 
development. I propose this afternoon to discuss briefly some of these 
limitations in the course of a general review of the present technical position. 

The kinged rotor blade 

Probably no other single feature contributed more towards the achieve- 
ment of practical rotary wing flight than did the flapping hinge. Although 
it had been described in early helicopter patents as a means for suppressing 
vertical bending at the root of each blade, it became of primary importance 
for singk rotor aircraft in balancing the dissymmetry (rf Uf t in forward 
flight (Fig. 1), which with rigidly-mounted blades caused a roUing couple 
of increasing magnitude as the forward speed increased. In the words of 
the main claim of the original Autogiro patent, the intention was that the 
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rottdng wing (Rg. 2) should adopt at every instant the position l eq u iwd 
for equilibrium between the centrifugal force produced by the speed of 
i#f#v ^ rotation and the lift due to the 

action of the wind on the wing. 
A This intention was frustrated, 

however, by the inertia of the 
^n Made. 




Fig. 1. Dissymmetry in fortowrd fUgki. 
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Inertia imposes a natural oeciUation (like that of a pendulum) oo the 
motion of the Made about the flapping hinge, thereby preventing a conditioo 
(rf equilibrium between centrifugal force and Uf t. It the angle of the blade 
about the flapping hinge in any azimuth be denoted by x and the rotor 
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Fig, 2. Hinged rotor blade. 



angular speed by «?, the equation of motion of the free undamped oscillations 
is X -)- w^z ^ which is identical with that of a simple pendulum of 
frequency w. Hence the natural frequency in flapping is equal to the speed 
of rotation. 

Now the periodic disturbing force due to the dissymmetry ct forward 
flight has the same frequency and is, therefore, in resonance with the natural 
flapping oscillation ct the blade. It is when resonance occurs in any mechani- 
cal vibration that there is a phase lag between the disturbing force and the 
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resulting displacement of exactly 90^. That is why, in a gyroplane, the 
flapping displacement ot the blade is greatest after it has passed the nose of 
the machine although the position of maximum lift is on the advancing 
side of the rotor dbc. Instead of the tip-path plane tilting laterally due 
to the dissymmetry (rf forward flight, it is tilted mainly longitudbially. 
Flapping, therefore, exchanges rolling of the aircraft for pitcMng. This 
phase lag between lift variation and flapping has been a basic lunitation 
in rotary wing design, affecting adversely control response and, by inducing 
longitudinal dissymmetry in forward flight, affecting also stalHlity, trim 
and rotor vibration. 

The phase angle of 90^ is unaffected by damping of the flapping 
motion so long as the ratio between the forced and natural frequencies 

^ is unity. This can be seen by reference to standard textbooks on the 
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subjea of vibration, where the amplitude of forced vibration and phase 
angle between force and displacement are shown (Fig. 3) as functions of 
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Fig. 3. Amplitude and phase angle of forced xnbraiion 

the frequency ratio for different values of damping. The equation (rf the 
damped free flaj^ing motion is of the form: 

I X + ci + *x = O 

where the three terms represent respectively inertia, damping and restoring 
moments. The blade is, therefore, not merely in equilibrium between lift 
and centrifugal force but between these three moments. If the natural 
frequency were altered, for example, by locating the flapping hinge outboard 
from the axis of rotation or by inclining the flapping hinge in the plane 
(rf rotation or by restraining the motion elasticaUy by means ct a 
ming, the phase angle between the penodic disturbing force and 
flipping displacement would no longer be 90^, and it would be dependent 
also on damping. 

Flapping, Hunting and Feathering 

These three terms define the angular oscillation xA the blade about 
three mutually perpendicular axes: Flapping is the angular oscillatioo 
of the Made about a pivot (the " flapping hinge ") which allows the zenithal 
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angle of the blade to be varied ; hunting is the angular oscillation of the 
Made about a pivot (the "drag hinge") which allows the blade to be 
displaced angularly in azimuth with respea to the rotor head ; and feather- 
ing is the angular oscillation of the blade about a pivot (the "feathering 
hinge ") whidi allows the blade angle to be varied. 

We have seen how the flapping phase angle causes the tip-path plane 
to tilt longitudinally whenever there is lateral dissymmetry of lift, and of 
course to dlt laterally for any longitudinal dissymmetry of lift. The Made, 
therefore, rises and falls cyclically, thereby causing a variation in incidence 
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Fig. 4. Cyclic feathering with respect to the tip-path plane due to flapping, 

with respect to the tip-path plane, i.e., cyclic feathering (Hg. 4). As flap- 
ping is merely a method of providing cyclic feathering ot the blades with 
respea to the tip-path plane, feathering hinges can be used to do the 
same thing, in which case the tip-path plane need not be allowed to tilt 
but may remain at right angles to the axis of rotation. 

The tilting of the tip-path plane causes a further dissymmetry (Fig. S), 
viz. a cyclic force tending to oscillate the blades in azimuth. Tlus force 
arises from the inertia of the blade and is known in rigid dynamics as the 
Coriolis force, because it was discovered by Coriolis more than a century 
ago as the component force normal to the path of a given mass moving in 
a rotating plane. Hence the necessity for a drag hinge, which relieves the 
blade root from the periodic bending moments which tend to promote blade 
failure by fatigue. However, the introduction of the drag hinge, giving 
each blade an additional degree of freedom of oscillation, has hcai respon- 
sible for rotor vibration troubles probably more than any other step in 
rotary wing development. The low natural frequency of one of the possible 
modes in which the Made may oscillate about the drag hinge is not very 
far removed from the frequency ct the Coriolis forces, i.e., the angular 
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speed of the rotor, with the result that the hunting oscillation is unstable 
imless the freedom of movement of the blade about the drag hinge is 
is restricted by damping or by a spring restraint to increase the natural 
frequency of the hunting oscillation. Hunting instability manifests itself 
as a violent rocking of the aircraft during starting or stopping of the rotor 
on the ground under the additional restraint and damping of the under- 
carriage, and on take-off or landing with a forward run, and there have 
fortunately been very few occasions of such instability during flight. With 
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Fig. 5. "Hunting" oscillation of blade, 

insuflicient damping, the oscillations can increase in ampUtude sufficiently 
to cause severe damage to the aircraft, and not the least perturbing feature 
of the instability is that it is self-excited. Hence the drag hinge, originally 
conceived as an assurance against blade fatigue, has become a potential 
instrument of self-destruction and, although it may be said to have success- 
fully overcome one of the limitations of the flapping hinge, with which it 
forms a universal joint, it has achieved this result only at the expense of 
another limitation equally as critical as the first. 

The Rigidly-mounted Blade, 

Owing to the foregoing difficulties with hinged blades, investigations 
are currently in progress into alternative methods of balancing the dis- 
synmietry of lift in forward flight. In single rotor aircraft, the feathering 
binge can effectively replace the flapping hinge for maintaining lateral 
trim, in which case the absence of Coriolis forces in steady flight renders 
the drag hinge unnecessary. With twin laterally-opposed rotors, lateral 
trim is, of course, no longer dependent on cyclic feathering, and the blades 
may be rigidly-mounted as in die orthodox propeller. That is not the end 
of flapping fmd feathering, however, or of hunting, because, even in the 
absence of a flapping hinge, the blade partially flaps owing to its own 
longitudinal flexibility. (^ the other hand, even in the absence of a 
feathering hinge, the blade partially feathers on account of periodic twist 
withm tiK blade itself. The pitching moment of the aerofoil may be zero. 
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the blades may be designed to be straight for a given condition of flight, 
e.g.y hovering, but the bending deflection at the blade tip in other con- 
ditions of flight combined with variation in torque causes internal feathering 
and ther^ is also a pitching moment tending to diminish the blade angle 
owidg to the leading edge of the aerofoil being at a greater coning angle 
than the trailing edge. This pitching moment obviously increases with 
blade angle and chord. 

The rigidly-mounted blade is subjea to periodic stress arising from: 

(a) periodic variation of lift in forward flight; 

(b) gyroscopic moments; and 

(c) cyclic flap control (if blade flaps are provided instead of feathering 
hinges) including the longitudinal control necessary for trim at low 
airspeeds. 

If rigidly-mounted blades could be built with sufficient structural 
strength to withstand the combination of periodic bending and the steady 
centrifugal force load, they would appear to have a number of advantages 
over hinged blades: 

(a) smoothness in operation due to the suppression of the unstable hunting 
oscillations; 

(b) light control forces owing to the blade loads being taken through the 
aircraft structure and substantially isolated therefore from the controls; 

(c) improved dynamic stability by the location of the rotor axes at a coo- 
rideraUe distance from the centre of gravity of the aircraft (15% 
of the rotor radius has been achieved); and 

(d) elimination of the sluggishness inherent in the control response of hinged 
blades. 

The Tfoo-hladed Rotor. 

Few factors affea the cost of helicopter manufacture more than the 
present limitation in the number of blades. The simplification of hub and 
controls that results from a reduction in the number of blades from three 
to two would make the two-bladed rotor an attractive arrangement were 
it not for the associated rotor vibration. This vibration is due fundament- 
ally to the variation of the lift, drag and pitching moments of each blade 
element in proportion to the square of the speed which is itself periodic. 
These moments are therefore not only cyclic but bicyclic and may be 
balanced for all practical purposes in a three-bladed rotor but not in a 
two-bladed one. 

Considering a blade element at distance r from the rotor axis, the 
velocity is 

w r H- V sin A 

where w is the rotational speed, V the translational speed and A the blade 
azimuth angle. The lift Li of one element is therefore proportional to 
this quantity squared and may be written 

Li = a + b sin A — c cos 2A 
i.e., the algebraic sum of a constant term, a cyclic term and a bicyclic term. 
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In a three-bladed rotor, the blades being displaced in azimuth by 
120% the lift of similar blade elements can be expressed as 

L2 = a + b sin (A + 120') — c cos 2 (A + 120') 
and 

L3 = a + b sin (A + 240") — c cos 2 (A + 240') 

The sum of Li, L2, and L3 is a constant quantity, viz., 3a, all the periodic 
terms disappearing. 

For a two-bladed rotor, the corresponding expressions are 

Li =- a H- b sin A — c cos 2A 
and 

L2 = a + b sin (A + 180') — c cos 2 (A + 180°) 

The sum of Li and L2 is 

2a — 2c cos 2A 

which is no longer a constant quantity but contains a term of twice rotor 
frequency. 

Similar expressions are obtained for the variation of lift, drag and 
pitching moments. Obviously the bicyclic variation of these moments 
cannot be eliminated by cyclic pitch variation but would require a bicyclic 
pitch variation. There are, therefore, in a two-bladed rotor, inherent forced 
vibrations of twice rotor frequency which result from the additive vibration 
from each blade. The bicyclic vibraticms from the several blades of a 
rotor having more than two blades are in counterphase, and rotors having 
three blades or more are not subject to this limitation. 

It should be mentioned here that, although no means have yet been 
developed for eliminating these vibrations at the source, they have been 
rendered comparatively innocuous through the employment of vibration 
isolation methods. A flight survey has shown that it is possible to minimise 
the transmission of vibration to the fuselage from a two-bladed rotor 
sufficiently for practical purposes in small helicopters designed specially to 
overcome this limitation. 

Another method that has been tried is the counter-phasing of two 
rotors, i.e., counterbalancing the vibration from a two-bladed rotor by an 
equal and opposing vibration from another similar rotor. As this procedure 
necessitates the use of four blades, it can scarcely be considered a solution 
of the two-bladed rotor problem. Except for the counter-rotation of twin 
rotors to give torque balance, which makes counter-phasing of vibration 
more difficult, the vibration of twin rotors would be equivalent to that of a 
single rotor with double the number of blades. 

The Single-Rotor Torque Problem 

Torque balance is one of the most troublesome limitati(ms of the single 
main-rotor helicopter and has led to the use of twin contra-rotating rotors, 
even in small helicopters, in spite of their mechanical complexity. It is 
a fundamental axiom in dynamics, as expressed by Newton in his third law 
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of modon, that to every actimi there is m equal and opposite reacdoa. 
If the blades are driven by the applicatioD of lorquc at the rotor hub, 
the fuselage will spin in contra-rotadon unless prevented by an external 
couple such ss that arising from the thrust of an aiudliary tail rotor. The 
torque of the main rotor, being the rado of the power applied at the hub 
to the angular speed, can be reduced only by applying some of the available 
power elsewhere or by increasing the angular speed. The laner altemadve 
is limited by the blade-dp speed which must remain well below the speed 
of sound to avoid high profile drag losses and by the disc loading which 
requires a reladvely large rotor diameter if a high induced drag loss is to 
be avoided. 

Hence the proUem is resolved into finding a method of absorbing 
some of the available power usefully elsewhere. The powered glider with 
rotadng wings (Fig. 6) conceived by Juan de la Qerva, was ooe soludon. 
Here the whole of the available power was applied to a forward pri^ller 
which ensured the necessary transladonal speed to keep the rotor revolving 
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Fig. 6. 



at zero torque. A large portion of the rotor blade, acting as a windmill 
(Fig. 7) absorbed sufficient energy from the air to propel the remainder of 
the blade (Fig. 8) which, acting in the helicopter state, expended energy 
on t3ie air. The limitation of the Autogiro as an aircraft of practical udlity 
is that it is fundamentally a glider and can ascend mly on tow. Whenever 
the towing force of the propeller ceases, it must descend. This fact 
becomes most apparent at take-off and on landing in ccmfined areas, when 
manccuvres to utilise momentarily the kinetic energy of the rotor are 
necessary to enable the Autogiro to takc-ofl and land in still air without a 



forward run. The ioertia take-oS is tmly a palliative, accentuaiiag the 
necessity <^ applying power directly to the rotor. 




Fig. 7. Tht mtchtmiim of aulorotaiion. 



Pig. 8. Torqut Mance of bladt tltmtntt 



] I. Portion of rotor due nhtrt entrgy 
ji txptndtd on tht air. 



2. Portion of rotor disc nhtrt entrgy 
is absorbtd from tht air. 




The gyrodyne (Fig. 9) is an alternative arrangement in which this 
limiution ot the Autogiro may be overcome without sacrificing the ad- 
vanuges of low pitch. The greater part of the available power is utilised 
for rotor thrust in vertical flight, the remainder being supplied to the 
propeller which is located outboard for balancing the rotor torque reaction. 
It is true that in this arrangement power is wasted in vertical flight but the 
forward thrust of tbe propeller contributes to prqnilsioo (rf the aircraft. 
Provided the disc loading and the available power loading are sufficiently 
low, the gyrodyne is capable of slow vertical take-off and landing which 
are the unique advantages oi the helicopter. 

Similar in principle to the gyrodyne method of balancing torque is 
the auxiliary tail rotor arrangement devdoped by Sikorsky. In one respect 
this arrangement overcomes the main limitation (rf the gyrodyne, viz., the 
large proportion of power applied to the non-lifting propeller, which is 
useful only in forward flight To minimise this power loss, the non- 
lifting propeller must be located as far as possible from the rotor axis and 
it is then more convenient to support it at the tail than on a long lateral 
outrigger. There it is known as a rotor rather than a propeller because 
its tbust is normal to the line of flight and it is subjea to similar 
dissymmetry in forward flight as the main rotor. In f aa, the machine is 
really a twin rotor helicopter. A limitation of this arrangement is the 
long tail-rotor transmission with the necessary supporting structure and a 
relatively high disc loading which results in a high induced power loss in 
vertical flight. 

Torque reaction may be avoided entirely by driving each blade at 
or near the tip instead of at the hub. There are a number of alternative 




Fig. 10. Blade-mounted propellers. 



Fig. 11. Epicyclic rotors. 



arrangements which could conceivably be used to produce thrust at the 
blade tip. Propellers (Fig. 10) have in the past been mounted on the rotor 
blades for this purpose and recently blade-tip jets have enabled vertical 
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flight to be attained by an aircraft that is designed to fly normally as an 
Autogiro. The high propeller losses, gyroscopic couples and power trans- 
mission problems are limiutions of Uade-mounted propellers and the 
principal defea of blade-mounted jets at present is concerned with fuel 
consumption. If and when the fuel combustion prcMem of smaU let units 
developing relatively low thrust is solved, jet propuMoQ of helicopter 
rotors may become a practical proposition. Iiistead ot Uade-mounted 
propel]q:s, one could visualise blade-tip rotors (Fig. 11) which would be 
powered similarly to the propellers and would rotate epicydically about the 
main hub axis, the necessary prq>ulsive thrust being obduned either fnnn 
the additive torque ct the epicyclic rotors or by inclining their tip-path 
planes in the direction ct rotation of the main rotor. A further method 
is to replace each blade by a system of power-driven paddle blades rotating 
about a radial axis, the necessary thrust for rotation about the main axis 
being produced by cyclic pitch adjustment of the paddle blades as in the 
cyclog3^ro. 

For given values of tip speed, power loading and disc loading, torque 
increases as the cube of the linear dimensions. Hence the torque problem 
becomes rapidly worse with increase in size and, unless torqueless rotors can 
be developed to a practical stage, the use ctf a single rotor is confined to 
relatively small machines, large helicopters requiring multiple rotors. 

Limiting Power Loading 

The minimimi power P that would be absorbed by a rotor supporting 
a gross weight W, if the profile drag were zero, would be that required 
to give a u&df orm induced velocity v, where 

P - Wv. 

W 

The extremelimit of power loading -p is equal therefore to the reciprocal 

of the induced velocity. According to the momentum theory ctf airscrews, 
the induced velocity v in ft./sec. at sea level is related to the disc loading 
w in Ibs./sqit. by the equation 

V = 14.5/w 

Hence the power loading has, as an extreme limit, the value 1/v or, 
in lbs./h.p. 

W __ 38 
P JW 



A rotor of disc loading 2.3, for example, would not be expected ever to 
support more than 25 lbs. per horse power in hovering flight away from 
the " ground cushion *\ 

In practice, the distribution of lift is far from uniform over the Made 
length and, as a result, the effective disc loading is greater than the nominal 
value. In other words, in current helicopters, sustentation is caused by the 
downward acceleration of air by the rotor blades over an annulus (Fig. 12) 
of the disc and not over the whok disc This effea causes the induced 
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vdodty to increase by a factor which appears at present to be about 7^ 

The induced power loading is theref ore, reduced by the reciprocal factor 

to about •^. 
/w 

Fortunately, although the effect of lift distributioo is to increase the 
induced velocity and, therefore, to adversely affect the induced power load- 
ing, the induct velocity is decreased at take-off or landing because the 

-^ i_ 
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Pig. 12. Effect of non^uniform flaw distrihuiion. 

air is compressed between the rotor and the ground. This cushioning 
cSect of the ground may well enable a helicopter which is overloaded and 
cannot hover in still air away from the ground, to take-off and land 
vertically within the " ground cushion " 

By definition, the thrust and torque coeflSdents Cj and Cq 

respectively, based on disc area and tip-speed, are related by the equation 



which can be written 



E.H.P. Cq wR 

w __ 2g^ Sol 



E.H.P. 



w 



W 



The ratio of the actual limiting power loading g'irp" to the extreme 

limit of power loading W (for zero profile drag and uniform induced 

velocity distribution) is | 

P _ 26:8 Cj 
E.HJ>. "" 38 Cq 
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This ratio ot limiting induced power to actual power is sometimes referred 
to as the " figure ot merit " or ** efficiency " ^ the rotor and is roughly 
about two-thirds in hovering flight for the optimum value of } 

Hence the limiting power loadings taking profile drag into account, 
is given approximately as 

W _ ^ 

E.H.P. ~ yw 

For example, a rotor of disc loading 2.3 should support between 16 and 
17 lbs. per horse-power in hovering flight, at sea level conditions, away 
from the ground cushion. 
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Pig, 13. Variation 
of power-required 
with forward speed. 
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When the power loading for vertical flight is exceeded, direa take-off 
is possible either with the assistance of the ground cushion or by making 
an inertia take-(^ as in the jump-start Autogiro. The helicopter may also 
make a tangential take-off like an aeroplane. The limiting power loading 
for a take-off with forward speed is nearly double that at zero forward 
speed (Fig. 13) because, at the forward speed (usually about SO m.p.h.) 
where the power required is a minimum, the induced power is only a 
fraction of its value for hovering flight whereas the profile drag and the 
parasite drag change the power required relatively little at low airspeeds. 

Fitch Limitations 

Variation in rotor pitch is required 

(a) to vary the rotor power independently of angular speed ; 

(b) to compensate for the change in angle of anack of the blades due to 
the variation in axial flow through the rotor disc with forward speed; and 

(c) to compensate for the change in density of the air with altitude. 
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The necessity for control simplification has resulted in the 
ct devices for governing rotor pitch or engine speedy thereby Himtnating 
a separate pitch control or a separate throttle control respectively. In the 
one case there is an automatic pitch reduction in the event of power failure 
and, if this occurs near the ground, the sudden reduction in pitch and 
consequent loss of lift Before steady autorotation is established may cause 
the helicopter to land at an excessive sinking speed. In the other case, 
the pilot retains control ct pitch and may utilise the kinetic energy of 
the rotor for momentary hovering prior to a power-off landing, but there 
is a risk of over-control in flight. When this occurs, an increase in pitch 
causes the aircrlEift to sink rather than climb, the rotor blades slowing down 
and eventually stalling. 

The immediate reduction in pitch on power failure is an essential 
requirement for those helicopters which op^n'ate at a pitch beyond that at 
which the blades will autorotate. A simple calculation shows that the 
kinetic energy of the rotor is sufBdent only for a very few seconds of 
power-off flight when the limiting autorotative pitch is exceeded. For a 
rotor of total blade weight equal to six per cent, of the gross weight 

(W lbs.) of the aircraft, the kinetic energy in lbs. ft. is roughly 



3000 
times the square (rf the tip speed in ft./sec. If the E.H.P. at the operating 

speed is six per cent, of the gross weight, energy is absorbed by the blades 

at the rate (rf 33 W lbs.ft./sec. Therefore, the whole (rf the kinetic energy 

of the rotor is expended by the blades every / sees, where 

t - ifwRV 

10 V 100/ 

i.e., two and a half «econds if the tip speed is SOO ft. /sec. In other wordjs, 
the inertia of the rotor will not prevent the blades from rapidly decelerating 
at high pitch. Hence the necessity for automatic pitch reduction in the 
event of power failure. 

The risk in operating helicopters beyond the limiting autorotative 
pitch can be lessened by the provision of twin power plants, but it is not 
essential for helicopters to take this risk at all. The power can be absorbed 
equally well at low pitch by a rotor of low blade loading or high tip speed, 
except at very high altitudes. 

A further high-pitch limitation is one associated with the forward 
inclination of the rotor for propulsion (Fig. 14). The rotor disc then 
makes a. negative angle of incidence with respea to the flight path, thereby 
causing the axial flow through the rotor to increase with forward speed 
and change the blade angle of attack unequally from root m tip. Least 
affected by a change in axial flow is the tip portion of the blade. Con- 
sequently, when the main collective pitch of the blades is increased to 
compensate for the increased axial flow, the blade angle at the tip becomes 
excessive and may approach the stall cyclically at lugh transatioiial speeds 
where the angle of attack on the retreating blade is already high due to 
Idade flapping or cyclic feathering. This periodic variation in lift dis- 
tribution at maximum speed not (mly impairs the propulsive efiSciency of 
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yig, 14. 
Propulsive rotor. 



Limiting Translationd Speed 

Altbougb tbe compressibility of tbe air no longer appears to be an 
insuperable barrier to tbe speed of fixed wing aircraft, it is still a serious 
limitation in regard to tbe horizontal speed attainable by helicopters. Even 
if boundary layer control and jet propulsion can be applied successfully 
to rotor blades, tbe fluctuation in relative air speed and therefore in lift 
coeflScient at the blade tip is so great at high forward speeds that bending 
and torsional deflections ci the blade and their effea on vibration and 
airworthiness of the aircraft would appear to place a definite limit on 
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Pig, 15. Hypothetic 
cai condition cj 
unitary tip-speed 
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forward speed. This limit is governed by the maximum relative air speed 
permissible at the tip of the advancing blade and it is not anticipated that 
this will exceed about 3/4 of tbe speed of sound. 

With regard to tip-speed ratio, i.e., the ratio of forward speed to the 
steady peripheral speed at tbe blade tip, this ratio was as high as 2/3 in 
early Autogiros and it has been suggested that it could ultimately be 
incceased to unity (Fig. 15) in which case the tip of the retreating blade 
would have zero air speed and the remainder of the retreating blade would 
have negative air speed. Tbe lift of each blade would then have to 
fluctuate from zero in each of tbe two lateral azimuths to its maximum 
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value in tbe fore and aft azunuths. It is thought that vibration will limit 
the tip-speed ratio of helicopters to about 2/3 for a long time to come. 
This corresponds to a limiting forward speed of 0.3 of the speed of sound 
if the relative air speed at the tip of the advancing blade is limited to 3/4 
of the speed of sound. 

It is unlikely, therefore, that helicopters will be developed to fly 
eventually at much over ^ of the speed of sound, which, at sea level, 
corresponds to less than 200 m.p.h. 

Limitations in Size 

Strange as it may appear at the present time when large helicopters 
are being contemplated as a matter of course, it was only a few years ago 
that the proposal to develop helicopters for shipboard use met with con- 
siderable opposition because ct the contention that the limiring size of 
helicopter would be one carrying a maximum useful load of slightly over 
half a ton. The argument behind this assertion was that the rotor weight 
would increase as the cube ct the rotor diameter and the gross weight only 
as the square. Consequendy, the rotor weight would become such a large 
proportion ct the gross weight that the useful load would eventually tend 
to zero. 

Rotary wing experience had shown that it was possible to keep tbe 
ratio of rotor weight to gross weight practically constant, independent of 
size. In a rotor blade consisting essentially of a main spar to carry tbe 
centrifugal tension and an outer shell to give aerodynamic shape and stiff- 
ness, all the dimensions did not require to be increased in the same pro- 
portion as the size increased. The thickness of the skin could remain 
substantially constant and it was easy to show that for constant tensile 
stress in the spar and for constant blade-tip speed, the area of the spar 
needed only be proportional to the rotor diameter. These broad arguments 
suggested that the blade weight would be a constant proportion of the 
gross weight. 

While the English-speaking nations were debating whether the cube 
law or square law applied to rotor size, with the destiny of the helicopter 
at stake, Germany (or as Dr. Sissingh is present, shall I say: half ot 
Germany) had already decided that the law was a linear one and that the 
ratio of blade weight to rotor weight was therefore inversely proportional 
to the diameter, an increase in size resulting in an increased proportion 
of useful load. Here then are three different laws that give widely different 
results. Which of them is correct? 

The answer is that they are all correct, but they apply to separate 
ranges of rotor size. The three factors that govern the ranges are: 

(a) Angular speed (b) Blade-tip speed (c) Coning angle 

The ratio of rotor weight to gross weight is inversely proportional 
to the product of these three quantities. The linear law applies when the 
angular speed and coning angle are kept constant and the blade-dp speed 
is increased with rotor size. When the limit of blade-tip speed has been 
reached (at present just over half the speed of sound) the square law begins 
to apply. In this case, the angular speed varies inversely, and the coning 
angle direcdy, with rotor diameter, the blade-dp speed remaining constant. 
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When the coning angle and therefore the downwash gradient become 
excessive (apparently about one-sixth of a radian — or 9^*') rotor vibration 
limits the range of size to which the square law applies. Beyond this 
limit, with coning angle and blade-tip speed constant, the rotor weight 
increases as the cube of the rotor diameter for a given value of disc loading. 
An increase in disc loading with size does not affect this question very 
much because, as we have seen, the limiting power loading decreases with 
increased disc loading. 

For a total blade weight equal to six per cent, of the gross weight 
and a coning angle in hovering flight, of one-tenth of a radian (about 5}°) 
the limiting rotor diameter, beyond which the blade-tip speed cannot be 
increased, is about 50 feet. Beyond this diameter, the coning angle must 
increase and reaches the present limit of one-sixth of a radian at a diameter 
of 84 feet. Until rotor vibration at larger coning angles can be kept within 
practical limits, rotor diameters in excess of 84 feet can be used only at 
the expense of percentage useful load, imless a corresponding saving can 
be effected in the percentage weight of other items. 

Certain items of the rotating system other than the blades themselves 
will also be affected by the cube law. A useful load equal to one-quarter 
of the gross weight has already been achieved and, if the cube law applies 
to one-eighth of the present gross weight, the variation in useful load for 
rotors above 84 feet diameter is proportional to 

3 / d,^^ - 1 CAY 
8 V84/ 8 V84/ 

It can be shown that this quantity is a maximum when d ^ 2 x 84 and 
becomes zero when d = 3 x 84. Hence the cube law for blade weight 
variation gives a limiting useful load per rotor of about 3 tons at a rotor 
diameter of 168 feet. Beyond this size the useful load would decrease and 
tend to zero at a diameter of about 252 feet. 

I think you will agree that the cube law does not forecast too limited 
a future for the helicopter. 

Dynamic Stability 

At one time it was thought that the dynamic instability of single main- 
rotor helicopters about their rolling and pitching axes in the hovering con- 
dition would be a major limitation and that it would be necessary to devise 
means for overcoming this defect before practical helicopter flight could 
be achieved. Experience with existing helicopters has shown that dynamic 
instability at zero forward speed may be relatively imimportant. 

The rolling or pitching motion of the helicopter, following a small 
disturbance, possibly the result of a gust, is statically stable if the initial 
tendency of the helicopter is to return to its equilibrium condition. This is 
ensured by the high position of the rotor above the centre of gravity of 
the aircraft. 

Dynamic stability is concerned with the subsequent motion (Fig. 16), 
which may be either non-periodic (in which case it is stable) or oscillating, 
in which case it is stable if successive oscillations are of decreasing ampli- 
tude but unstable if they are divergent. Both stable and unstable oscil- 
lations are characterised by: 

Association of Ct. Bntotn. <V 



(a) the period of time required for one complete oscillation ; and 

(b) the damping or amplification f aaor which determines the rate at which 
the anq^cude of successive oscillations decreases or increases respectivriy. 

It is found diat in certain present-day helicopters where the period of 
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oscillation is about 12 sees, and the time required to doubk the amplitude 
is 18 sees., the unstable motion is not at all critical or difficult to contnd. 

The equations of motion (rf the aircraft ^Fig. 17) when expressed in 
terms of angular displacement and linear veloaty as independent variables, 
result in an equation of the form: 

An» + Bn« + Cn + D - 0, 

where n is the frequency of the oscillation 4Uid C » if the variation in 
inclination of the tip-path plane with respect of the axis of rotation is 
small compared with tfie amplitude ot oscillation of the helicopter. 

The condition for stability is that the roots of the frequency equation 
should be real and negative, or imaginary with their real parts negative^ 
and RouTH has shown in Us textbook '* Advanced Rigid Dynamics'' of 
1892 that this condition is satisfied provided the coefficients A, B, C and D 
are positive and, in addition, 

BC > AD 

So long as C "^0, therefore, the aircraft must be unstable. 

In other words, the tip-path plane must be prevented from oscillating 
with the same amplitude as the body of the aircraft. It can be shown that 
if the oscillation of the tip-path plane is reduced in amplitude by a times 
the amplitude of oscillation of the body, C is no longer zero and the con- 
dition for dynamic stability can be satisfied. If / is the distance of the 
rotor hub above the centre of gravity and ifc is the radius of g3mtion of 
the aircraft about the rolling or pitching axis, a must satisfy the inequality 

I 



a 



I H- 



V 



For example, if 1/k = 3/4, a must be about 2/3, i.e., more than 2/3 of 
the oscillation of the tip-path plane must be suppressed k complete dynamic 
stability is required. 

This result applies to the motion about the pitching and rolling axes 
of single main-rotc»' helicopters but is applicable also to the pitching osdl- 
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lation of laterally-disposed twin rotors and to the rolling oscillation of twin 
tandem Totors. In multi-rotor helicopters any angular oscillation of the 
aircraft diat causes the axial flow through one or more rotors to vary is 
heavily damped and dynamic stability can be provided without difSculty. 

The Techidcci Outlook 

It may be a very long time before we have perfectly stable, jet-driven, 
hingekss, two-bladed, lar^sized, single-rotor helicopters that will operate 
smoothly and safely in every condition oi flight ranging from zero trans- 
lational speed to a quarter of the speed of sound. It may be many years 
before the helicopter is as fully developed as the aeroplane or as easy to 
handle as a car, but at. least it has emerged from the laboratory stage. In 
spite of its present limitations, it is already established as a vehicle of 
practical utility — ^not a competitor of the aeroplane or other forms of 
transport but with unique uses of its own. The aeroplane will always be 
more suitable for long journeys by air, just as rail transportation is preferred 
to long journeys by road. The helicopter, like the car, will have its own 
restricted uses — I hope much more so, because although the helicopter can be 
brought safely to a standstill in flight, an air traffic jam over the dties is 
unpleasant even to contemplate. 

Of the multifarious versions ci the helicopter now under development 
throughout the world, the single main-rotor helicopter with a rotary tail imit 
— a configuration that must ever be attributed to Igor Sikorsky— appears 
to be the best compromise for low-powered machines of relatively low 
cruising speed. So long as vibration continues to be an important limitation 
in translational flight, an orthodox propeller may be preferred to the 
forwardly-inclined rotor for the propidsion of helicopters of high cruising 
speed and low power loading. 

The rapid increase in rotor torque with size restricts the use of a 
single main-rotor to relatively small helicopters, unless jet assistance for 
vertical flight becomes practicable, in which case large single^rotor heli- 
copters could operate in forward flight at reduced torque as a gyrodyne or 
at zero torque as a gyroplane. For larger machines, twin rotors, mounted 
in tandem, and possibly intermeshed, would seem to be the most straight- 
forward arrangement at the present stage erf development. 
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The Second Animal General Meeting of 
The Helicopter Association of Great Britain 

REPORT 

The Second Annual General Meeting of the Association was held in 
the Lecture Hall, Manson House, 26, Portland Place, W.I., on Saturday, 
22nd March, 1947, at 2.30 p.m. 

After reading the Notice convening the Meeting the Hon. Secretary read 
apologies for absence and the following ship's telegram from G/Capt 
LiPTROT, Dr. Bennett and W/Cdr. Brie, who were on their way to the 
U.S.A., was read : 

"Many Happy Return First Anniversary. Best Wishes for 
successful Meeting and Dinner — Doc., Reg. and Loopy." 

The Minutes of the First Annual General Meeting were read and 
adopted. 

The Chairman then presented the Annual Report, and since it had 
been circulated to Members prior to the Meeting he asked those present 
to take it as read. No comments were made nor d)jections raised, and the 
Report was unanimously adopted. 

The Hon. Treasurer then presented the Annual Accounts, and called 
the attention of Members to the iaa that the Association had ended its first 
financial year with a credit balance of some £50. 

Mr. M. S. HouDRET moved the adoption of the Annual Accounts, 
and Mr. G. A. Ford seconding, these were adopted. 

The Chairman presented the audited statement of the result of the 
ballot for election of the Council for the year 1947, and the following 
Members were elected: 

H. A. Mabsh^ A.F.C, A.F.R.Ae.S. (Chairman); J. A. J. Bennett^ D.Sc, 
F.R.AC.S.; C. G. Pullin, F.R.Ac.S., M.I.Mech.E.; F. F. Crocombe^ B.Sc, 
F.R.Ae.S.; R. A. C. Brie, A.FJl.Ae.S., A.F.I.Ae.S.; H. M. Yeatman, 
M.A.(Cantab.), A.F.R.Ae.S.; A. Carpmaeu A.I.A.E.; N. J. G. Hill, 
A.M.I.A.E., A.R.Ae.S.; S/Ldr. F. J. Cable, R.A.F.; G. C. Turner, A.F.C; 
F/Lt. J. E. Harper, A.F.C, R.A.F.; R. Hafner; R. N. Liptrot, G.BJE., 
B.A.(Cantab.); O. L. L. Fitzwilliams, B.A.(Eng.)Cantab.; B. H. Arkell, 
A.R.Ae.S. Hon. Sec, : M. J. B. Stoker; Hon. Tr^as. : G. C. Turner. 

Mr. C. G. Pullin moved that Messrs. W. B. Keen & Co. be appointed 
Auditors for the ensuing year. This was seconded by Mr. K. Watson and 
unanimously agreed. 

After the Chairman's speech Mr. M. Stoker proposed on behalf ot 
the Members a vote of thanks to the Chairman and Oxmcil for the work 
which they had done during the past year. This proposal was seconded 
by Dr. Thurston and carried unanimously. 

Some discussion ensued on the question of an Association emblem, 
and it was finally agreed that a small sub-conmiittee should be formed to 
examine suggestions and make their reconmiendations to the Council. The 
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fdlowing Members expressed their willingness to serve on the sub-com- 
mittee: Major Nelson, Mr. Dixon, Mr. J. Rogers together with two 
Members of the Qnmcil to be appointed. 

Further discussion followed on the question of a prognunme of 
activities for the year 1947/48 and the Meeting closed at 4.15 p.m. 



CHAIRMAN'S SPEECH 

Gentlemen, 

As you will have seen from the Annual Report and Balance Sheet, 
membership of the Association has increased in a very satisfactory way 
and is, I think, a very good index of the interest being shown in the 
development of the helicopter. 

Applications for membership continue to come to hand but I urge 
you to exert every effort to persuade those who, in your opinion, are 
qualified in accordance with our Rules to make application for membership. 
Every new member means increased income and although the Balance 
Sheet shows that the Association is solvent, we have by no means reached 
the goal for which we aim, that is to say, sufficient income to provide 
funds for the establishment of a full-time Secretary, together with office 
accommodation, staff, etc. 

We have received, as you will observe from the Balance Sheet, several 
substantial donations from Members and others, and I wish to express the 
keen appreciation of the Council to all donors of such gifts. 

In addition, the Association has been given by a member who wishes 
to remain anonymous, the sum of £100 to be devoted to prizes for essays 
covering various aspects of helicopter activities and it has been agreed 
that this sum should be split up into four annual prizes of £25 each. You 
will be aware of the conditions and so on of this current year's competition 
and it is hoped that we shall be able to establish this as an annual event, 
and possibly introduce other prize competitions of similar interest. 

With the completion of the first year of its existence, a few words on 
the working of the Association may not be out of place. Your Executive 
Council have met on 17 occasions in order to conduct the general business 
of the Association and five very successful lectures have been organised in 
addition to an informal discussion and film display in the House of 
Commons, which was given at the request of certain Members of 
Parliament. 

An invitation was received during the year from the Ministry of Civil 
Aviation to criticise and advise upon the helicopters Civil Specifications, 
and also the proposed regulations for the operation of helicopters and the 
issue of Licenses to Pilots. 

In other directions, several of our members have a place on the various 
committees sets up by the Ministry and Aeronautical bodies to consider 
problems associated with general development. 

Very satisfactory relations exist between the Association and all other 
aeronautical bodies and in our work we have received every assistance from 
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tbe Royal Aeronautical Society, Royal Aero Club^. Guild of Air Pilots and 
the Society of Licensed Aircraft Engineers, and we continue to woric in 
very close harmony with all these bodies. We have also received every 
encouragement from the Helicopter Society of America and some of their 
members have already joined our Association. A very dose liaison with 
this Society is maintained through one of our Gnmcil members, who 
represents the Society over here. 

You no doubt remember the formation of another body with some- 
what similar aims to our own, and you may also remember that we dis- 
cussed the possibility of a merger with that body at our First General 
Meeting in March of last year. A merger sub-committee was formed by 
us and several meetings took place with an equivalent committee fnm tbe 
other body, but unfortunately after much patient woiic it was found im- 
possible to continue with the negotiations, which have therefore been 
terminated. 

The Helicopter Association Bulletin has been published on two occa- 
sions and a third issue would by now have been in print had not the present 
fuel and power emergency arisen. It is hoped, however, with the resump- 
tion of more normal conditions to despatch the third issue to members in 
a very short time. In its present form the Bulletin is a very modest pro- 
duction, but as our membership grows and funds accrue, it is hoped to 
improve and add matter to it so as to widen its interest to members 
generally. 

In order to relieve the general funds ct the cost of publishing and 
preparing this Bulletin, an invitation was recently extended to certain con- 
cerns engaged in and around the aircraft industry asking that they take 
space in the form of a token advertisement in our Bulletin, in return for 
a small fee. The response to this invitation is most encouraging and it is 
intended that we shall continue with this form of publicity. 

While on the matter of finance, I am able to say that although our 
membership continues to grow — totalling as it does at the present day 161 — 
the working expenses of the Association have been kept to a very low levd 
only by the energy and enthusiasm of the Members of the Executive 
Council, who have at considerable perscxial inconvenience given up time 
and gone to considerable expense in the execution of certain duties which, 
as your Chairman, I have had the honour to allocate to them frcxn time 
to time. These conditions can only continue for a very short time, because 
with the growth of the helicopter movement, individuals who have given 
up so much of their time will be unable to devote as much time to tbe 
Association's affairs as heretofore. Therefore, the appointment of a perma- 
nent Secretary with office accommodation, etc., becomes more and more 
urgent and you are again urged to do all you possibly can to increase the 
membership so that our aims may be accc^nplished. 

Also on the subject of membership, I am sure you will all be glad 
to hear that your Council has unanimously elected the first Honorary 
Member of the Association in person of Juan de La Qerva, the eldest 
son of the late Senor de la Cierva, as sc^ne small token of the esteem in 
which the memory of his father is held. 
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The Council have for some time given thought to an Association 
emblem and members have been requested to submit designs. We do not 
wish to rush this matter but I think we are all agreed that an emblem is 
desirable and we shall therefore welcome any further designs or your views 
upon this question. 

Before closing, I desire to place on record the Association's appre- 
ciation of the work carried out by our Auditors, Messrs. W. B. Keen & Ca 
The partnership has taken a great interest in the Association since its for- 
mation and, further, their interest has been refleaed in the kindly manner 
in which they have permitted the Association to make use (rf the premises 
at Finsbury Qrcus House, and the very low fees charged for professional 
and other services. 

I desire also to say how we appreciate the advice and guidance which 
has been given so unstintingly by Mr. E. C. Rogers on the many occasions 
when it has been necessary to approach him. It is hardly too much to 
say that our finances would look anything but healthy except for the amount 
of gratuitous work put in by Mr. Rogers and his Staff. 



THE FIRST DINNER, 1947 

Following the Second Annual General Meeting the Association held 
its first Dinner on the evening of March 22nd, at The Old Red House 
in Bishopsgate in the City of London. The hope had previously been 
expressed that this would becrane an annual function, and such was the 
enthusiasm which greeted the proceedings, that there seems little doubt 
that this hope will be fulfilled. In all, some 75 members and guests 
attended. 

Among the guests present were Captain J. Laurence Pritchard of the 
Royal Aeronautical Society, and Colonel R. L. Preston ct the Royal Aero 
Qub. The presence of direaors of four of the major aircraft companies 
now projecting helicopters in this country was indeed very welcome, as 
was, ct course, the presence of the technical press. 

In replying to the toast of " The Guests ", Colonel Preston stressed 
the importance of the Association being represented at the meetings of 
P.I.CA.O. and very kindly offered the Association use of the facilities 
available at Londonderry House. 

Captain Pritchard, following with the toast ''The Helicopter Asso- 
ciation ", made some witty and very entertaining comments on the dangers 
of flying fixed wing aircraft, and welcomed the enthusiasm of the Asso- 
ciation in embarking on the problems of rotating wings. He extended an 
invitation to the Chairman of the Association to use facilities at 4, Hamilton 
Place. 

The Chairman, Mr. H. A. Marsh, thanked the guests on behalf of 
the Association, expressing his keoi appreciation of thor good wishes and 
further, for their very practical offers of assistance. 
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Editorial. 

This issue, the second number of " The Journal," brings with it the 
dose of a year which has been somewhat eventful both in helicopter develop- 
ment in England and for the Helicopter Association of Great Britain, and 
it may not be inappropriate to review briefly the events of 1947 in both 
respects. 

On the development side, there have been several convincing demon- 
strations of the practical application of helicopters to everyday life. Out- 
standing among these bong such demonstrations as the flight of the 
Parliamentary Secretary of the Ministry of Civil Aviation from his home 
in the country direct to the heart of London, the landing of a helicopter 
in the Horse Guards Parade, the recent demonstration to the Elder 
Brethren of Trinity House when the Vice-Chairman of the Council of 
the Association was picked up by winch and cable from the gallery of the 
Dungeness Lighthouse and lowered into a life-boat on a choppy sea ; thus 
demonstrating in this country the ability of a helicopter to rescue marooned 
crews of lighthouses or lightships. A more recent demonstration was the 
landing of Captain Lamplugh on a bombed site in front of his offices 
in the heart of the Qty. 

Two British helicopters were on show at the S.B.A.C. Exhibition in 
September and a third has successfiilly undergone initial Oyiag trials. 
British European Airways have formed a Development Flight to explore 
tiie practical application of helicopters as an ancillary to scheduled air 
services. PubUc interest in helicopter flight has been considerably 
stimulated. 

As far as the Association is concerned, membership has increased during 
1947 by 65 members. The Association has become accepted by official 
and technical bodies as a source of information and an authority on all 
matters pertaining to rotary wing ffight. A number of authoritative and 
interesting papers and lectures have been read to members and their guests 
by le&ding scientific, technical and practical authorities on the science of 
rotating wing flight. By no means least among these being a most interesting 
talk by Mr. Igor Sikorsky during his visit to England in September. 

It is the Association's aim to embrace all branches of interest in the 
development of rotating wing ffight ; the scientific, the technical, operational, 
practiod, and particularly tibe student interest. 

The Association's activities on behalf of members are, of course, limited 
by its income, which is, for the greater part, derived from members' sub- 
scriptions. Increased income from membership will broaden the Associa- 
tion's activities and enable it to do still more to promote development and 
intnest in rotating wing ffight. The Council, therefore, appeals to each 
member to strive to enrol at least one new member during 1948. 



DINNER TO MR. I. SIKORSKY. 

On the evening of September Sth, 19479 a tmall informal dinner was held at 
whidi Mr. Igor Sikorsky was the guest of honoiir. 

Other overseas guests were Mr. Grover Leoning, Mr. J.* S. McDonncil, Mr. 
F. N. Piasecki, Mr. W. W. Kellett and Mr. Robert H. Stanley. 



The dinner was given by the members of the Executive Council of the Aaao- 
ciation who were joined as hosts by Mr. F. L. Massey-Hilton, Mr. J. Feam« Mr. B. 
Mensforth and Capt. Uwins. Mr. Ardiur Carpmad was responsible for die artanoe- 
ments and obtained the permission of the Master for die diniMcr to be held in die naU 
of the Worshipful Company of Armourers and Braziers. The informality of the 
function made considerable i^peal to the guests, as did the beauty and antiqntiy 
of the Hall and the craftsmanship of the armoury exhibits. 

After toasts had been proposed to H. M. the King and The President of die 
U.S.A.9 Mr. R. A. C. Brie, in a short and apt speech welcoming the guests, drew a 
contrast between the antiquity of the Company in whose Hall the fonction was being 
held and the craft whidi it represented, and the modernity of the science and cratt 
represented on this occasion. 

Mr. Grover Leoning responded on behalf of the guests. At the Chairman's 
request, Mr. Carpmael, a Past Mastn of the Worshipnil Company of Armourers 
and Braziers, gave some interesting details of the history of the Company and of 
the Hall, which was very much appreciated. 

SOCIETY OF LICENSED AIRCRAFT ENGINEERS AND 
HELICOPTER ASSOCIATION OF GREAT BRITAIN 

aOn4T PANEL). 

A Joint Panel representing the Slodety of Licensed Aircraft Engineers amf die 
Helicopter Association of Great Briisin nss been formed to consider and discuss 
with the Air Registration Board requirements for Helicopter Maintenance Engineers* 
Licences and, the endorsement of Upmces to cover heUcopter maintenance. The 
Panel is composed as follows : — 

Society of Licensed AntCRAFt Engineers : 

Mr. W. J. Andrews, Chairman of the Council. 

Mr. D. W. Richardson, Vice-Chairman of the Council, and Chief Instructor 

Messrs. de Havilland's Technical School. 
Mr. M. T. Holdham, Member of the Council, and Instruaor Messrs. 

de HaviUand. 

Helicopter Association of Great Britain : 

Mr. G. B. L. Ellis, Chief Development Engineer, HeUcopter Division, 

Fairey Aviadon. 
Mr. a. McClements, Experimental Engineer B.E.A. Helicopter Unit. 
Mr. J. Lbason, of B.E.A. Helicopter Development Flight, Helicopter 

Engineer. 

NEW MEMBERS. 

The following have been elected to membership since the last published list. 

Members. — ^J. R. Anderson, L. S. Armandias, N. A. Adler, R. von Bahr, A. C 
Barlow, E, L. Bird, R. B. Brigham, R. H. Bryant, N. J. Capper, C. Cullimore, A. 
Davenport, V. Dibovsky, A. D. Duncan, S. W. Farley, J. Feam, G. N. C. Fuller, 
W. Garrow-Fisher, G. W. T. Gray, W. W. Hackett, R. Hafoer, J. C. Hendra, F. L. 
Hodgess, L. L. Irvin, R. F. Lane, I. M. D. Litde, Y-S. Lung, N. L. Lupton, E. 
Mensforth, A. J. MoUart, R. L. Napier, J. S. Neale, R. Oakes, A. E. Page, A. J. Pegs, 
W. H. Perry, G. J. Sissingh, G. H. Tidbury, K. W. Turner, S. B. WcUer, R. H. 
Whitby, J. K. Williams. 

Associate Members. — A. H. R. Baker, E. K. Bailey, A. J. Bristow, O. V. Brooks, 
R. E. Bums, K. Charles-Batson, J. F. Fcwell, L. P. Gibson, L. H. Hayward, J. D. 
Hayhow, M. P. Hanvcy, T. Harrison, N. E. Ingpen, A. S. Johnston, Mrs. E. Nelson, 
E. J. Ockelford, H. J. Parham, H. J. Penrose, G. T. Perkins, D. M. Ridgway, J. S. 
Rivaz, P. F. Reed, J. D. Rogers, D. A. Smith, C. Turner, R. W. Usher, A. R. Yates. 

Graduate Members. — I. A. Anderson, D. D. Bamber, H. D. Barr, Miss M* 
Cade, C. P. Drury, A. E. Gale, N. A. Harper, G. G. Hunt, G. Meyrick, S. Mills, 
W. N. Patrickson, Miss E. Potts, C. Ridley, Miss M. Wilkins, L. A. Wingfield. 
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FIFTH LECTURE 1947 



Stkonky Helicopter 
Development 



By IGOR SIKORSKY 



A Ucturt prettnttd to the HtUcapter Aisoda- 
tion of Greal Britain on Saturday, 8lk 
Stpttmber, 1 947, at Mamon Home, 26 Port' 
land Place, London, W.l. 

H. A. MAIlSH, A.P.C, A.F,R.Ae.S., IN THE CHAIIt 



ImnoDUcnoN by the Chairman. 
Ladies and Gentlemen, 

It i) my privil^e this evening to introduce u> you Ms. Ivor Sdeorscy, 
die enuneot engineer responsible for the design and development of the 
heHoopteis beaiuig his name. He is g(»ng to talk to us about the recent 
devek^Mnents of these aircraft. 

I think it is correa to say that Mr. SlK(HtSKY is the earliest pimeer of 
helioopteis alive today, having been engaged upon eq)erimental work with 
dus type of aircraft as &r back as I9I0> and be also has the distinction of 
beiiig the first to produce the heUcoptcr as a realistic and practical aircraft. 

We Juive to thank two of our Council Members— Dr. Bcnncn and 
Wing-Cdr. Brie—for suggesting to Mr. Sikorsky that he should give us 
* 'is talk -and we all very much appreciate Mr. Sikorsky's gesture in con- 



On behalf of the Association may I extend a very cordial welcome ») 
all our guests. 

MR. IGOR SIKORSKY. 

Mr. Chairman, ladies and gentlemen, I consider it an honour and 
privih^ to address you ton^t on ihc subjea of helicopters, which has 
been a sut^ect of very great interest to me in the last fifty years or so. 

About the year 1900 I tried to make models of helicopters ; later on, 
when 19 years or so of age, I became so firmly interested that I decided to 
go into this aviation game. The first aircraft that I built was a helicopter. 



The reason for dedding on tbe helicopter was pvdy serious and pardy 
instinctive, or I may say, romantic. The idea of flying existed in the world 
for nearly 600 years — ^very much earlier than any idea of the locomotive 
or automobile. Always people associated the dream about flying with the 
solution of two problems— one was that of travel through the air. This, 
as we know, has been partly solved by the aeroplane. But there was a 
second problem to solve, the problem of free take-off and free landing cm 
any spot of the earth. In this respect, the aeroplane proved to be the moat 
he^less vehicle ever designed by man, because an aeroplane operates w^ 
safety only in a large space. Obviously, the problem of travel was not really 
solvei by the aeroplane, but could be solved by another vehicle that could 
rise quickly from a confined space, stay over one spot, go quickly down 
and land on any spot — a roof-tc^ or an]rwhere eke where there is room. 
For years that was a dream, but behind such dreams there has been a very 
great deal of technical construction. Only a fiew ]rears ago mention of die 
subject was thought a stretch of the imagination. Now, fortunately, thiQgs 
are different. 

It is known that the helicopter has already acoonmlished things — dieie 
is a great deal of work done by the helicopter in spite of its very short career. 
Dumig the last year of the war helicopters were quite extensive^ used in 
the Pacific, India and Bunna. They were used for various rescue misrions 
and a nund)er of soldiers owe their lives to the possibility of being rescued 
by helicopter after descents and crashes behind the enemy lines. A number 
of other valuable services have been rendered ; for instancr, helioopccss 
have been used on board tranqx>rt ships which were supplying spare parts. 
In die most urgent cases spare parts could be taken mm shipboard wUkt 
the vessel was still steaming in the sea, and flown to those parts where diqr 
were most needed. 

In a number of cases B.24's and other large airplanes were kept in die 
air by the possibility to obtain quickly the necessary spare parts siq)plkd 
by helicopter. 

There has been a number of other uses and by the end of the war the 
worth of the helicopter had been proved and now valuable informadon can 
be given in spite of a very short time after the end of the war. Let us take 
a few cases at random. Helicopters have been used for crop-dusting and 
undoubtedly their use will extend further, the value of this work justSying 
substantial expansion. Another important use is fighting forest fires. 
NotUng can be so valuable in controlling the fire as getting quickly to the 
beginning of the fire, when in ten minutes two or three men could extinguish 
it. 

There are other important llhings such as cargo carrying. Strange as 
it may look at first, the employment of the aeroplane increases the necessity 
for some adequate service that will deliver mail to the airport, take it from 
the airport and distribute it quickly. The average air-mail letter from 
Chicago to Los Angeles has taken much more time in covering a dozen 
miles at both ends than it has taken in the air to cover the distance (about 
2,000 miles) between Chicago and Los Angeles. Tests have recendy been 
conducted and they have proved an outstanding success. As soon as the 
mail plane arrived at the airport three helicopters were filled with mail. 
Three craft were necessary because in the Los Angeles area it was necessary 
to visit about 45 places. In these places the helicopter could land sometimes 
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on the roof of the Post Office, sometimes in the back yard and sometimes 
very dose to the delivoy point. The leners were then sent out right away 
to theii destination. The saving in time was considerable, amounting 
occasionally to from 10-24 hours. 

Next, of com^e, we come to actual passei^er carrying. This is perhaps 
the main and most important job to perfonn for the helicopter at the present 
time. The value of the hehcopter in this respect is obvious. In spite of 
its low speed it will be by fiu the fastest vehicle for distances of 50-100 miles, 
taking into account the time necessary to go the the airport. I know, for 
instance, that in oui case the helicopter is now a very regular insiniment for 




Tht Sikorsky S.SI. 

ferrying men of our factory who go by air. It takes us about half an hour 
to diive to the aiiport, whereas it takes two or three minutes to fly a helicopter 
tt> the airport. The importance of passenger iranspon by helicopter literally 
cannot be estimated. I have not the slightest doubt that in fhture this will 
be as important in our every-day life as airplanes are today. 

Undoubtedly one of the most romantic and interesting services rendered 
by the helioopter was the large number of rescues. It is of great satis&ctioo 
to all of us working in the hehcopter field that it should be a means of saving 
life — life that in a great many cases could not have been saved by any other 
▼ehide. I cannot repeat all the details of these rescue missions and will 
just mention a few, of which you have no doubt read, in Burma, Newfound- 
land and Labrador. Back in Labrador an air liner crashed and 11 people, 
s<mie of them injuied, were marooned for several months. When a heli- 
oopter was sent to rescue them some of them declared that this was the 
most beautiAU sight in the air that they had ever seen. 1 hope they were 
sincere. 

Several other rescues have been made, one of the latest being on a very 
stormy day when the wind was of suffideni force to uproot trees and damage 
roofs. The podce rang up our factory to say that an oil-carrying baige 
with two men on board was in distress and was startii^ to disintegrate, 
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water sweeping over the surfkce of tbe barge. We immediately despatched 
a hdioopter with a hoisting sling and in spite of a wind of about 60 m.p.h. 
and gusty, the helicopter quickly reached the barge and was able to hover 
20-25 ft. over it, lower the hoisting sling and tal^ the men of^ one after 
another. The rescue was made as the end of day was approaching and 
the general consensus of opinion was that these two would certainly not 
have been able to stay on the damaged barge overnight. 

Just when I was ready to leave on the " Queen Elizabeth " the latest 
information which I received was of another life that had been saved. Here 
again, during a forest fire, a man became surrounded by flames, and his life 
was in great danger. He was provided with a ** walkie-talkie " radio by 
which he was able to communicate with someone nearby. A helicopter 
was sent up and fished him out. 

It is difficult to tell you of all such cases but it is interesting to know 
that in spite of the very young life of the hehcopter, so many cases have 
already been recorded. 

Many other cases have been recorded when a helicopter was used 
recently during a Navy cruise in the Atlantic. In one case the pilot of the 
hehcopter saw the airplane was in difficulties and was actually* in the air 
before the plane crashed. The pilot was injured— disabled — and already 
sinking, when he grabbed the hoisting sling. The wheek of the hehcopter 
at that time were already down in the water. The life of the man was saved 
but — and this is an exceptional case — had assistance been delayed for only 
half a minute, this man would have been lost. 

It is a source of much satisfiiction to us and a great encouragement to 
everyone conneaed with the hehcopter industry that Uves have l^en savcxl 
in emergencies Uke these. 

Another point is, what can a hehcopter do and what is the present 
performance of a hehcopter ? I will mention a few figures, but it is needless 
to say that the figures will be exceeded very soon by our hehcopters as well 
as by other machines. 

Greatest speed (fuUy loaded) 114 m.p.h. 



21,000 ft. 
16,000 ft. 

2,909 lbs. 

2,500 lbs. 
18 men. 



„ altitude (hght) 
„ altitude (fully loaded) 
„ load 
„ payload 
Maximum load 

The Army have lifted a substantially greater load — at least 600 lbs. 
more than that of the R-5 hehcopter, but the machine would not hover nor 
take ofif vertically with this load. 

Official longest distance 700 miles. 

„ „ duration 10 hours. 

Needless to say all these figures are going to be exceeded very soon. 

I would Uke to go over just a few points on the development of the 

hehcopter. I staned to built the first hehcopter in 1909 and built another 

in 1910. The first could not fly because of a great number of reasons. I 

would say because the engine was too heavy and there was not much power. 

The main thing was I did not have enough knowledge at that time. Later 

in 1910 I turned my attention to fixed-wing aircraft, bui}t my first aeroplane 

and climbed into the cockpit and tried to fly it without knowing how to. 

Quite a problem indeed. However, the aeroplane could fly and even did 

S The Journal of tkf HelicopUr 



so — at least with respect to my ability to stay up. The maximum speed, 
cruising speed and minimum speed were all just about the same — something 
which has not been achieved by any other designer ! 

Later on I built better airplanes, until in 1930 I started building four- 
engined ships and flying boats in America, but during all this time my main 
interests were still with helicopters and I still wanted to make one fly. In 

1939 we produced our first helicopter. It was of very simple construction, 
being biult of welded steel but was capable of easy adjustment, thereby 
enabling valuable information to be obtained. This aircraft had a very 
interesting life of about four years, during which time it was tested exten- 
sively. I was the test pilot during the first flight in Oaober, 1939. It 
had a single main rotor with an anti-torque rotor at the tail. This aircraft 
was crashed about two months after the first flight as a result of which the 
cyclic pitch control, which was installed in the first helicopter, was discarded 
and we went for control by way of auxiliary rotors. We fixed two additional 
lifting rotors at the rear end, where also was mounted a third rotor for 
balancing torque and directional control. The operation of both of these 
lifting rotors in the same direction gave longitudinal control, in the opposite 
direction gave lateral control. After various experiments, by the end of 

1940 the machine was able to stay up for 15 minutes or so. About that time 
a minor trouble was the subject of a discussion I had with the President of 
United Aircraft. He had mentioned that the aircraft was flying very well 
sideways and quite well backwards, but he had not yet seen the machine 
flying forwards like other aircraft, to which I replied : '' Sir, that is a minor 
engineering problem that we have not yet succeeded in solving." 

Later on we arranged to fly forward very well because we found that 
controlling by means of auxiliary rotors, the auxiliary rotor should not be 
placed in the slipstream of the main rotor. If they are behind they should 
be situated above the main rotor. After early trials with auxiliary rotors 
in ftont they were placed at the tail and were all right. Rearwards flying of 
the machine was very successftil. However, we decided, in making the 
next ship, to replace the two rotors by a combination which presented a 
more or less tandem rotor helicopter with one large and one small rotor 
besides a small tail rotor. This craft gave very satisfactory results and could 
gradually be accelerated to a higher speed, which was of the order of 75 
m.p.h. 

Early in 1942 we had a two-seater helicopter for the Army ready, with 
ftill cydic-pitch control. This machine, the R-4, is well known in this 
country and has given very satisfiictory results. It was flown for the first 
time in February, 1942, and subsequently made the journey firom Bridge- 
port, Conn., to Dayton, Ohio, in a somewhat roundabout route in order 
not to meet high mountains. There were all manner of very interesting 
experiences during the visit and I would say we attracted a great amount 
of attention. 

On arrival at Dayton the helicopter flew over the hangar, stopped in 
the air, flew backwards, stopped in the air in ftont of the Imngar and then 
landed. A mechanic came out of the hangar and said : ** I don't know 
whether Fm drunk or crazy ! " 

The R-4 was designed only as a prototype for limited flying but it has 
done a large amount of practical work, and a number of successftil missions. 
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Some of the R-4'8 arc still flying, although this craft bad been designed 
mainly on early e^qwrience. 

After this several heUcopten have been produced. The R-6, similar 
to the R-4, but more refined. The R-5, with 450 h.p. engine and planned 
oiiginaUy as a two-seater but later transformed into a four-seater. This is 
a very successful hdiooptcr, c^Miblc of rendering services like no other 
airplane. 

Now I would like to show just a few examples ^mut the job of an 
engineer in Hi-^ignit^ the hclicc^iter and particularly during the ptoneering 
period. It was a most interestmg work and quite a difficult one. There 
was no knowledge available, and no tellable literature, llie aviaticm 
designer of IS years ago had a considefable amount of reliable information 
on which be codd base bis deaigns, but the helia^itcr designer had practically 
nothing. 

In the belicopttr we have a rotor which turns round but nobody knows 
what happens to the rotor. We flelt that this was wrong — we must study 
uid learn wh^t hi^>pened to the rotor. So what we did was to observe it 
first with the aid of a camera. Also we tried to observe the blades by means 
of stroboscDpic effects, and one very dark night the R.4 helicopter was hover- 
ing about 30 ft. from the ground, and lighted from the ground, widi the 
camera alongside the blades. I was sitting on the undercarriage watching 
the blades and it was very unpleasant to sec them apparently stationary in 
the interrupted light ! 

We made a considetable amount of such studies, and now, once the 
stresses are established the rest is easy. We can uke the blade, reproduce 
tha stress by bending, subject the blade to 20 million osdlladons and deter- 
mine that the blade is safe and will have an indefinite life. If it is unsatis- 
fkaory it will &il much earlier than that. This is now an established method 
which is very useful. 

The latest machine is the 
S-52, a two-seater, which has 
metal blades and is compara- 
tively cheaper to produce ; 
for instance, it has been poss- 
ible to introduce a standard 
automobile clutch. There 
have been many problems in 
developing the metal blades 
and much work has also been 
done to measure the stresses 
by means of strain gauges, 
lliesc gauges arc very useful. 



Sikorsky i?-< in hovrring flight. 
Mr, Igor Sikorsky 





Sikorsky VS'300 and Sikanky XR-4. 

but somcdmn I would say tbey can play jokes. In our first tests wc found 
stresses which were much bigger than was expected and wc could not believe 
them. Later we found it so happened that the amplitude and frequency 
of vibrations made the needle in an electric oscillograph system installed 
in this machine jump up and down, corresponding with the frequencies in 
the blades. Instead of marking accurately, it marked perhaps half an inch 
or perhaps two feet too high. When this was corrected the stresses were 
fiMmd to be what we had expected. 

I would like to make one more point which is very oecessaiy to 
mention and that is the absolute accuracy of the control of the helia^Ker. 
I believe that a helicopter can be made with a control as perfect as any 
other system of control. A most interesting experiment was carried out 
by Cmdr. firickson of the U.S. Navy with an R-4 heUcopter. The machine 
was on floats and a scheme was devised whereby the floats were dropped 
once the aircraft was in the air. For lanHmg a six-inch ring was mounted 
on the float gear, and a pointer fixed to the helicopter. When Cmdr. 
Erickson sighted the pointer in the centre of the ring, although he could 
not sec the landing space, he could drop down accurately on to the attach- 
ments of the float gear. 

Finally, in the future we can expea much larger helicopters and I do 
not think we should be too dogmatic about the configuratioiis. The future 
will show which one is the best. It is possible that future helicopters will 
be jet-driven, or power driven, not through the shaft, but throu^ the tip 
of the blade. 

The future of the helicopter is immense and later the craft will be a 
very &miliar sight in the air to everyone. It will also be capable of rendering 
a great numbo' of services which no other craft can render, and can be 
described as the greatest friend in need in the case of an emergency. 
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Id reply to a questicm by Dr. TbuistoD on de-idng fbt fadiooptcn, 
Mr. Sikofsl^ said : 

I believe that with rcspea to the aiiplane the question is too well known 
and I am not suffideotly infbimed with details to speak on it. I shall be 
very glad to give you infonnation about helicopters which I believe to be 
correct. It has never been possible to accumulate enough ice to cause any 
trouble under ordinary conditions. Extensive tests were conducted with a 
helicopter stationary on top of a mountain when conditions were vciy bad. 
The helicopter was stationed there foi two months, with instructions to 
pick up the very worst conditions. It was found that ice would accumulate 
within a few minutes to such an extent that the helicopter in flight would 
have been in veiy serious trouble. 

Tests are being made to countenct idng by United Aircraft, using 
paste. 

Princeton University have made very extensive tests, using heat 
applicances, with electric conductors throu^ the blades. The best results 
have been obtained by sending current in pulsating waves — the current is 
^pUed to one portion of the blade, taken away and re-applied to another 
portion, and so on. It has been found possible to de-ice tix R-6 helicopter 
by using 2 k.w., but with a shghtly larger helicopter probably 3-3J k.w. 
would be required. 

Dr. }. A. J. Bennett. 

Mi. Chairman, members of the Hehcopter Association and guests, I 
am sure that we are all deeply indebted to Mr. Igor Sikorsky for coming 
here this evening and telling us about his recent helicopter developments. 
It is strange to recall that only a few years ago I had the privilege of watchii^ 
the initial tests of the VS-3dO at Bridgeport ; the hehcopter was known as 
" Igor's folly," a designation given to it by those who did not bcheve in 
the future of rotary wing aircraft. Today, however, the hehcopter is 
recognised throughout the world as an outstanding adiievement in aero- 
nautics and we have the greatest respect for the genius of the man who 
brought this about. We congratulate Mr. Sikorsky on his successful &mily 
of heUcopters and I have great pleasure in proposing a vote of thanks to 
him for a most interesting and enjoyable talk. 





SEVENTH LECTURE 1947 

Some Work with Rotating- 
Wing Aircraft ' 

By O. L. L. FITZWILLIAMS, B,A. 

A lecture illustrated loiih slides and delivered 
before the Htlicopter Attociation of Great 
Britain on Saturday, 25th October, 1947, at 
Mamon House, 26, Portland Place, London, 
W.I. 
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Introduction by the Chairman. 
Ladies and GentUmeny 

II is my privilege to introduce to you today Mr. FrrzwiixiAMS, whose 
subfect is " Some work with Rotatiug Wing Aircraft." 

Mr. Fitzwilliams is a founder member of the HeUcopter Assodatioo 
and a member of our Council and has been engaged on various aspects of 
rotating wing development over the past nine years, fint with Mr. Pullin 
at Messre. G. & J. Weir Ltd., and later with Mr. Hafner at the Minisny 
of Supply. He is now Helicopter Engineer of the Westland Aircran 
Company. 

During the laner part of his time with the Ministry he was in charge 
of the routing wing section of the Airborne Forces Experimental Estab- 
lishment at Beaulieu. 1 understand that this period supplies the bulk of 
the material for his talk and I feel sure we shall find it both interesting 
and entertaining. 

On behalf of the Association I extend a cordial welcome to our guests. 

Mr. O. L. L. FITZWILLIAMS, B.A. 
Air. Chairman, Ladies and Gentlemen, 

My talk this afternoon consists of brief descriptions of two rotating-wing 
aircraft produced in Germany during the war, followed by a more lengthy 
discussion on the engine-off landing of helicopters, and some concluding 
remarks about the work which we now have in hand at Westland Aircraft. 

We still have a great deal to do before completing our conversion of 
the S-51 hehcopter and this work caimot yet be discussed in detail, but by 
the middle of next year 1 hope that wc will be ready with a fiill description 
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of the British S-51 and of its possibilities for future development. In the 
meantime the assortment of subjects which I have chosen for my talk this 
afternoon nuy be regarded as a kind of hors d'oeuvre before the more 
substantial dishes which may be eipected in future, and I hope you will 
find it sufficiently intetesting for a stan. 

FodCE-AcHGEUS Fa 330. 

The first of the German aircraft which I am going to discuss is the 
Focke-Achgelis Fa 330 — which is the proper name for the German autogyro 
kite for submarines. The kite is quite wdl known now, although few people 




Fig. I. Fa 3J0 Kite — without bladts. 



have actually seen it fly, but infonnadon about it became available only after 
the war and you can imagine our surprise when the contraption 
arrived at A.F.E.E. in August, 1944. With it were some odd blades 
and tail surfaces and a note, saying that it had been found on a captured 
submarine and asking us to put it together, find out how it worked and, 
if possible, Sy it. The photograph shows the fuselage unfolded and with 
the tail sur&ces stuck on, and it did not look very encouraging (Fig. 1). 

The fuselage was in a very bad state of repair and there was a 
large buUei hole through the main upright member and the control 
rod which this member contains. The blades were also in bad 
condition, and of the six received one was bent at the root while the others 
were fiill of holes and set at all sorts of angles. The wires hanging down 



from the head are intrr-blade bracing cables and arc shown in their proper 
position, with the blades mounted, in Fig. 2, which was taken after the 
whole kite had been repaired and re-conditioned. 

Although later flight tests showed the kite to be as well designed aeio- 
dynamically as in deuil, it was at first regarded with great suspicion and 
I remember that we had quite unfounded doubts as to whether it had ever 
bem flown at all. Moreover Mr Hafher and almost all of the rotary wing 
stafi'of the A.F.E.E. decamped to Bristol at this point, leaving Mr. Leonard 
Liscombe and myseU with the single helpfiil suggestion about flying the 
kite from a trailer towed by a jeep, and a large number of derisive remarks 
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about the possibility of our doing so without breaking at least the kite and 
probably the [nlot as well. 

The general arrangement of the kite is illustrated in Fig. 3. Its detail 
design has often been described but it is so ingenious that I hope I may be 
forgiven for briefly mentioning again some of its outstanding points. For 
stowage purposes the blades and tail sur&ccs are quickly denched and the 
back of the seat is undipped from the main upright member so that this 
can be folded back over the tail. The seat is then folded back and also the 
control sdck. Finally the landing rails are folded close in to the sides of 
the fuselage, which can then be inserted into the cylindrical watertight 
container in which it is stowed on the deck of the submarine. The blades 
and tail surfaces arc stowed together in another container. 

The most spectacular feature of the kite is that in addition to the ordinary 
tow cable quick-release there is a handle beside the pilot's head which he 



can pull if attacked in the air. The consequences of doing this are that the 
tow cable is released and at the same time the whole rotor flies off, pulling 
with it the top of a parachute to which it is attached by a breaking-tie. The 
j)arachute is normally stowed in the dish-like tray behind the main upright 
and its rigging lines are attached to a point on the pilot's harness, so that 
when the parachute is open it supports the pilot who is still attached to the 
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GENERAL ARRANGEMENT OF FA 330. 
ROTARY WING KITE. 

Fig, i. 

rest of the kite by means of his safety belt. When this belt is undone the 
remaining structure falls away and the pilot is then free to drown in a con- 
ventional manner. 

Certain features of the kite gave rise to considerable doubts as to the 
proper method of handling it — ^for instance, the fuselage is fitted with a 
socket for a tailskid and it was some time before we realised that this has 
nothing to do with operation from a submarine but is used in conjunction 
with a very tall undercarriage developed for training purposes on land. 

Also we knew nothing of the stability characteristics of kites, except 
that model autogyro kites are often highly unstable, and if it had been 
difficult to fly it would have been most unpleasant to attempt to take oS* 
and land on a relatively narrow trailer being towed down a runway, which 
was the only method open to us without extensive alterations to the kite. 

Thus the first problem was to find out something about the behaviour 
of rotary-wing kites in general and of this one in particular before embarking 
on a set of flight trials which might wreck the only available example. There 
are probably much more elegant methods of examining this problem than 
the one I am about to describe but our rather crude method, although far 
fix)m being an exaa calculation, does give a fairly comprehensive and easily 
understood picture of the behaviour of rotary- wing kites in general — as well 
as results which are of the right order as regards the magnitude of the forces 
acting on them. 

To begin with there are only three major forces acting on a kite, namely 
the Total Air Force, the Tow Cable Pull, and the Weight, as shown in Fig. 4. 
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The Total Air Force is made up of the Rotor Thrust, which can be assumed 
in this case to act through the rotor centre at right angles to the rotor, and 
the Fuselage Drag which is horizontal and which we assumed to act through 
the C.G. The weight aas vertically through the C.G. and the moment 
effect of the tail lift can be included with reasonable accuracy by assuming 
the C.G. to be displaced a suitable distance from its true position, neglecting 
the effect of the taul lift on the linear balance of the major forces. The Tow 
Cable Pull, of course, acts through the Quick-Release attachment of the 
cable to the fuselage. 

We know the positions of the rotor centre, C.G. and quick-release point 
in the fuselage so that if we can find some means of determining the magnitude 
and inclination of the major forces acting in a given condition of flight, we 
can soon determine the corresponding fi^elage attitude, stick position, etc., 
by a trial and error process. The tnal and error part is quite simply done 
with the aid of a transparent copy of the dotted parts of Fig. 4, which is 
moved about over a series of trial force diagrams until the position of equili- 
brium is found. Alternatively, we can first assume a given fuselage attitude 
and stick position — the latter gives the inclination of the rotor thrust relative 

to the fuselage when a 

small correction is made 

for flapping — and then 

A j^ proceed to determine the 

' /^ wind speed at which 

equilibrium occurs. 
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Fig, 4. 



roRces Acnnc on kite. 

This process is apt to be tedious but it is very easy if we have some 
simple means of obtaining the magnitude and inclination of the major forces. 
In casting about for something of this sort, we came across test results giving 
the polar force co-efficient diagrams for the C.30 autogyro rotor and for 
Mr. Hafner's small Rotachute rotor and these rotors were sufficiently similar 
to each other and to the kite rotor to justify us in taking a mean curve as a 
suitable basis for our estimates. 

This curve, which is shown in Fig. 5, indicates a typical relation between 
the Lift and Drag Co-efficients of a gyroplane rotor and is very convenient 
for our purpose, because having assumed that the rotor thrust is always 
perpedicular to the rotor, it follows that if the rotor is inclined backwards 
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at an an^ of $ thdi 
the rotor thrust is abo 
indined backwards at 
the same an^ and the 
magnitude of its oo- 
effiaent can be read 
direct from the diagnun. 



h$ Fig. 5. 
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Moreover, since the fuselage drag is always horizontal, its co-efficient» 
based on disc area like the others (the diameter of the rotor is 24 ft.)) can be 
set off to the left as shown, so that for a backward inclination of the rotor 
we have immediately the backward incUnation and magnitude of the Tood 
Air Force co-efficient measured fiom the new origin 0'. The fuselage drag 
actually is so small diat in most cases it could be neglected. 

Knowing the indination and magnitude of the rotor thrust and Total 
Air Force for any condition of flight, and also the magnitude of the wei^t 
acting downwards, we only require to know the magnitude and direction 
of the Tow Cable Pull in order to draw the complete force diagram. But 
we can find this out quite easily if we take 0' as the origin for a new graph on 
which we can re-plot the curve shown in Fig. 5, this time not in terms of 
the co-effidents which are independent of wind speed but in terms of actual 
forces for a number of different wind speeds shown in Fig. 6. 

Fig. 6 is, then, a polar diagram of actual forces so that if we take a wind 
speed of, say, 39 ft./sec. and consider the Total Air Force to be inclined 
backwards along, say, O'A, we can immediatdy complete the force triangle 
by marking off a vertical distance O'B equal to the weight so that BA now 
gives the magnitude and inclination of the Tow Cable Pliill. 

Two rather important things are immediatdy noticeable from Fig. 6. 
Firstly, it is obvious that if the kite is flown with the stick fiir forward, the 
rotor thrust will be only slightly inclined backwards. The forces acting on 
the kite are then defined by a point on the lower left hand part of the curve 
for the particular wind speed. Also, as the stick is brought back, the point 
defining the forces acting on the Idte moves from left to right along the 
given curve. 

Therefore, as the stick is brought back, the tow cable, which may have 
started at ac inclination even bdow the horizontal, gradually rises until it 
reaches the angle defined by a point such as C, where its upward inclination 
is a maximum for the given wind speed. It is not, of course, surprising 



18 



The Jommal of the HsUcopisr 



that at a given wind speed there should be a particular stick position giving 
the maximum kiting pcrfonnancc, but it is rather disturbing for a {^ot to 
contemplate flying an aircraft which, towed at a constant airspeed, will rise 
on the tow cable when the stick is pulled back pan of the way and fall at 
ever-increasing speed when the stick is pulled back the rest of the way. 
Especially when flying on a short tow cable you can imagine the embarrass- 
ment of a pilot who finds himself desccndmg with no means of knowing 
whether he should push the stick forward or pull it back or just sit and wait 
tmtil the wind freshens. 

Fig. 6 also illustrates the &ct that whereas the rotor of a normal rotary 
wing ghder supports only the weight of the aircraft, that of a kite supports 
a large part of the tow cable pull as well. Moreover, the forces which could 
be dcvdoped by the rotor at quite ordinary wind speeds appeared to be fiw 
lai^er than the fuselage of the Fa 330 was designed to withstand. 

To investigate these points further it was decided to work out not only 
the uke-oflf aiid landing behaviour, in which the stick was found to be 
roughly central with the fuselage in a very tail-down attitude, but also to 
examine the kite's behaviour with the stick hard back, in which condition 
the maximum rotor forces and instability could be expected. 

We have already noticed that as the stick is pulled back, the point 
defining the forces acting on the kite moves from left to right along the curve 
fta that particular wind speed. At high wind speeds, when the tow cable 
is pulling the kite's nose strongly downwards, we find that there is a limit 
ta the backward inclination of the rotor even with the stick hard back, so 
that the force-point can only move a certain distance along each curve. If 
these limiring positions are joined up we find there is a definite limit to the 
forces which can be imposed on the kite and a typical limit of this kind is 
shown by the thick curve in the upper part of the diagram. This curve is 
kinked because it 
includes an allowance 
for the lift of the 
tailplane, which is 
assumed to stall at 
the angle indicated 
by the kink. 
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At low wind speeds the forces on the kite do not reach the limit curve 
so that the tow cable angle will still increase when the stick is pulled back 
part of the way, and decrease again when the stick is pulled back the rest 
of the way. If the stick was actually pulled hard back the result would be 
a very unpleasant tail slide. 

At higher speeds, where the forces on the kite reach the limit curve^ 
a momentary equilibrium could be obtained, but the condition would be 
unstable because the limit curve is reached after the inclination of the tow 
cable has passed its maximvun. In this condition, if the kite is disturbed 
in such a way that its nose is pulled down sUghtly, the change in attitude 
will correspond to a larger inclination of the tow cable so that the kite will 
start to move forward against the wind and at the same time the rotor thrust 
and speed will both drop off. After a short interval, if the pilot keeps the 
stick hard back, the nose will rise again and the kite will drift backwards 
with the wind while the rotor thrust and speed build up again to an amount 
which will overshoot the normal force limit and the nose will be sharply 
pulled down again so that the unstable movement will build up. Except 
on a general basis I have not examined this oscillation very carefully, but 
anyone who has played with model autogyro kites will recognise it and I 
think you will agree that it does not represent the best condition for calm 
observation of enemy shipping. 

Owing to an oversight in our preliminary examination, we thought 
at first that the force limit in the upper part of this diagram represented 
the characteristics of the Fa 330 and the huge forces and unpleasant behaviour 
which it indicates are not only a warning to designers of future kites but 
they also caused us to do the first tests in a very gingerly manner with the 
kite securely tied down. However, these tests immediately showed that 
the Fa 330 is really " very tame affair and on looking for an explanation we 
found that Dr. Kla«k5, die designer, had very carefully arranged the back 
stop on the control su'^k so that the flight charaaerisdcs are actually those 
shown by the limit curve in the middle of the diagram. This curve indicates 
that, in almost any wind in which the kite can fly, it is stable fore and aft 
and has its maximum performance with the sdck hard back. Also in this 
condidon the rotor thrust and speed are substantially constant irrespecdve 
of wind speed. These charaaerisdcs were confirmed in flight tests, and 
with S./Ldr. Kronfeld at the controls the kite soon showed itself to be 
everything a submarine commander could wish for as an observadon 
platform. 

The kite required fairly dextrous handling when flown on a short tow 
cable, but was oiiite docile on the longest rope we could manage (22 ft.) 
and Kronfelp *vas able to let it fly hands-off for appreciable periods on this 
length of cal^ie in spite of its slight lateral instability. 

I have here an illustradon showing Kronfeld, in his usual role of 
intrepid birdman, braving the elements in this curious contrapdon (Fig. 7). 
It is doubtful if rotary wing kites will ever be a serious requirement 
likely to weigh heavily on the members of this Association, but the effort 
spent on this one may not have been wasted. Not long before I left Beaulieu 
we received from Australia a request for advice on the possibility of operating 
these kites from fishing vessels, for spotting shoals of fish. Although a kite 
could be used for this purpose I am inclined to think it would be more of 
a trouble than a help. But the ease with which it could be landed and 

20 The Journal of the HdicopUr 




launched, &om a tiny platfbnn only a few feet square and in all sorts of 
weather, does suggest that for applications of this sort there would be some 
benefit in developing a kind of combination kite and helicopter as shown 
diagrammadcally in Fig. 8. 

The main requirement of such an aircraft would be the ability to develop 
a lift substantially greater than its own weight. This is, of course, easily 
done even without an engine provided there is ample wind, and it is necessary 
in order to keep the tow cable dght when the platform is moving up and 
down. The most difficult case would be when there is a heavy swell in 
the faim air. 

I believe it would not be very difficult to meet this requirement and 
ail observadon would then be possible even in calm weather, while in windy 
weather the aircraft could sit for hours on the end of the cable at no cost 
at all. Moreover it could always start its engine and drop the cable at will 
to go cruising about under its own power. 




SUGGESTED COHBINED KITE AND HELICOPTER. 



I picture the tiny landing platform, with its ittached winch, as projecting 
frnn the side of the ship so that when the airciaft wished to book on again 
it could drift slowly backwards low down over the platform, with about 
20 ft. of cable dangling from its nose. It would hover while an operator 
on the platform hitched the Hnngiing cable on to the main tow rope and it 
would then back up until the cable became tight. The poWfcr could be 
shut off as the aircnfl began to kitt and finally lo rise up on the tow cable 
for a further spell of cheap spotting. 

Observation of the kite's behaviour leads me to suppose that landing 
and take-off with this arrangement would be quite i practical business on a 
fishing vessel and it may be that it could be developed for more general 
application to helicopter's operating at sea. 

FocKE-AcHGELis Fa 223. 

I would like now to tell you something about another aircraft which 
came to us at Beaulieu ftom the same stable as the kite. This was the big 
Fockc-Achgclis F.a.223 helicopter shown in Fig. 9. 

The prototype was built in Bremen in 1940 and it was not only hi^y 
successful as a helicopter but it also met requirements for anti-submaiine 
patrol, armed reconnaissance, air sea rescue, cargo transpon, etc., which 
could be met by very few of our present-day hcUcoptcrs. Moreover it did 
this at a time when other helicopters were either on the drawing board ot 
else in a stricdy laboratory stage, and it was not even considered to be ao 
experimental airciaft to any important extent, since its design is very firmly 
bued on that of the smaller FW.61 helicopters which had been %ing 
successfully since 1937. 

Thirty F.a.223's were ordered by the Geiman Air Ministry but con- 
struction work was limited to twenty-five, of which the majority were 
destroyed by bombing in various stages of manu&cture. Only three 
remained serviceable when the war ended and one of these was destroyed 
by its pilot. The remaining two were dcUvercd to the Americans at Ainnng 
in May, 1945, and one, the 14th production aircraft, was subsequently flown 




by its Gennan crew, via Paris, to the A.F.E.E. at Beaulieu, where it arrived 
in September, 1945, having performed the first crossing of the English 
Channel by a heUcopter. 

Fig. 9 gives a good view of the arrangement of the F.a.223 and you 
can see the cooling air intake grill just forward, and the outlet sUt just aft, 
of die 1,000 h.p. Bramo Fafhir engine, which is mounted, fiidng forwards, 
in the centre section of the fuselage. The rotors are driven by long trans- 
mission shafts connecting a right-angle drive on the front of die engine to 
double-reducdon gears in each rotor head. 

The undercarriage struts and the two main top members of each 
outrigger were roimd tubes but the remaining members were of roughly 
streamline secdon, and although a good deal of power is required to drag 
all this bridgework through the air, the F.a.223 could slip along at 95 knots 
when in a hurry and cruised normally at 65 knots. The fuselage provides 
accommodadon for pilot and observer in the nose and for a navigator and 
one other crew member in a separate compartment behind the cockpit. 

The undercarriage is interesting because it serves two quite distina 
purposes. Normally the fuselage is horizontal and the aircraft sits on its 
main and nose wheels with the main wheels behind the C.G., but if the tail 
is puUed down it will rest equally happily on the tailskid and the main 
whceb, which are dien in front of the C.G. In this atdtude the rotors 
have quite a large angle of incidence of 12° reladve to the ground. In 
autorotation the aircraft would land like this and although its engine-off 
landing speed is fidrly high — of the order of 35-40 knots— <he huge drag of 
the inclined rotors results in quite a short landing run. 

Fore and aft control is by normal blade feathering, which tilts both 
rotors forwards or backwards together. Yawing control is obtained in 
hovering flight by tilting one rotor forward while the other is tilted back, 
but the pedals aho operate the rudder and this does most of the work in 
forward flight, thus avoiding the adverse rolling moment which results from 
differential tilting of the rotors in forward flif^t, when they act more like 
ailerons than as a yawing control. When the aircraft was turned in hovering 
flight by appUcadon of rudder control the turning movement resulted in a 
la^ increase of effecdve disc area so that the machine climbed quite rapidly 
widiout any increase of power. This corresponds to the epicyclic arrange- 
ment of rotors mendon^ by Dr. Bennett in his lecture. 

Lateral control is obtained by increasing the lift of one rotor and 
decreasing the lift of the other, but there is no means of increasing or de- 
creasing die lift of both together except by the rather indirea means of 
changing the throtde setting and waiting for the rotors to speed up or slow 
down. This control is sluggish and requires much foresight when 
manoeuvring in gusty weather near the ground, although because of its 
symmetrical arrangement and simplified controls the F.a.^3 was apparendy 
easier to learn to fly in the initial stages than most of our present helicopters. 

In the fore and aft direcdon it had the same instability which is familiar, 
in all direcdons, to pilots of single-rotor helioopters, and in the few flights 
I had as a passenger I did not nodce that the large tailplane resulted in any 
marked improvement in forward flight, at any rate at moderate speeds. On 
the other lumd it was quite strongly staUe about the roUing axis so that in 
calm air an angular disturbance about this axis, or a lateral movement of 
the aircraft, would soon be damped out if the ocmtrok were held central. 
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Watching the behaviour of the aircraft one was, however, impressed by the 
faa that stability of this kind does not necessarily mean that the aircraft 
has any tendency to keep still in gusty weather. On the contrary, the 
rotors were very sensitive to changes in airflow, and in gusty air they bobbed 
up and down in a quite impressive manner, requiring sharp control move- 
ments to keep the aircraft level. 

Under operational conditions the F.a.223 was flown at an all-up weight 
of 9,500 lb., which included 2,500 lb. of disposable load, a proportion which 
compares favourably with most present helicopters. On a weight per 
horse power basis it was, however, a rather poor performer, largely because 
of its very high disc-loading which, at this weight, was 3.9 Ib./ft.^. Never- 
theless, I imagine the Kellett XRIO and the McDonnell, both of about 
the same power as the F.a.223, are the only present-day helicc^ters carrying 
a normal disposable load approaching 2,500 lb., though several others could 
lift this weight as an overload with the help of a breath of wind. The 
Focke, of course, could also lift an overload, flying with a disposed load 
of 4,000 lb., including the whole centre section, with engine, of another 
F.a.223, the weight on the end of the cable being 2,820 lb. 

Although the mean blade pitch of the rotors was fixed in helicopter 
flight the pitch could' be reduced to ensure autorotation. To do this the 
pilot could operate a two-position lever which was connected to a highly 
amusing mechanism which had ramifications in all parts of the aircraft. 
When the lever was raised it caused the engine clutch to be engaged by a 
hydraulic ram which also set the rotor blades to helicopter pitch. When 
the lever was lowered the dutch was disengaged and the rotor blades returned 
at a controlled rate to the autorotative pitch. In addition to dutch and 
pitch operation the mechanism changed the tailplane inddence for each 
condition, operated a valve allowing lubricating oil to be pumped by the 
engine to the rotor heads in helicopter flight, and automatically dosed and 
locked the throttle when changing the autorotative flight. The mechanism 
operated automatically in the emergendes of engine-failure, oil pressure 
failure, transmission breakage, or operation of the pre-loaded free-whed 
mechanisms in the hubs. Also a governor-operated cut-out in the ignition 
system, intended to protect the engine when suddenly de-clutched, could 
mistakenly operate the mechanism if the rotors were over-speeded as could 
happen in manoeuvres near the ceiling of the aircraft when carrying a heavy 
load. Further complications were necessary to make taxying possible with 
the rotors turning above the critical change speed. 

Once the mechanism had operated, even voluntarily, it was impossible 
to regain the helicopter condition in flight and a glide landing was necessary. 
In fact, with the high disc loading of this aircraft and the absence of any 
control over the blade pitch, a glide landing was essential and if there was 
not enough height for this purpose the operation of this so-called safety 
mechanism would dump the airo^ as a heap of wreckage on to the ground. 

This actually happened, at about 60-70 ft. above the ground, shortly 
after the machine arrived at Beaulieu, and I was among those who were 
sitting in it at the time. In consequence I have a strong prejudice against 
trick gadgets in helicopter control systems and also a rooted objection to 
helicopters, however light their disc loadings, which do not allow the pilot 
direct manual control over the blade pitch in order to cushion a forced 
landing. 
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Before leaving the F.a.223 I would like to call your attention to the 
extent of the equipment fined to this 1939 dcs^. It had a good working 
position for the navigator and fiill radio and instrumentation, including an 
electric artificial horizon, also dual controls could be fitted. 




A machine gun could be fitted in a standard ring in the nose, with the 
gunner in a prone position on the padded fioor, and two 250 K.G. bombs 
could be carried on racks beneath the fuselage. Also a standard 4-man 
emergency din^y, inflatable from the cockpit, was stowed in the upper 
part of the rear mselage. 

Of the specialized fittings, you have already seen how external loads 
were lifted on a cable suspended beneath the fuselage. To aid the pilot 
in landing suspended loads at night, the aircraft examined at Beaulieu was 
fitted with a radio altimeter. A powerful landing light was also fitted in 
the nose and this was rotatable about its horizontal axis by an electric motor. 

Finally, I think we can still learn some lessons from the Air-Sea Rescue 
equipment fined to this helicopter. Fig. 10 shows the spcdal rescue bucket 
floating with its rim level with the water and with a large opening in one 
side, into which even an injured man can swim easily. Once in the bucket 
the injured man stands on an open grid floor, which allows the water jo 
escape when the bucket is lifted. A safety strap can be fastened across the 
opening and it was originally intended to provide intercommunication 
between the rescued person and the pilot, although I do not think this 
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ms ever fined. Fig. 1 1 abows the way in irtudi tbc icscue bucket could 
be boated through a hole in the cabin floor, ri^t into the aiicraft, so tbat 
tbe nun caa ufdjr be akcn out of iL 




Pig. II. Fa 22i—Arrangtiiuni of airfita niciu appartaus. 

The F.a.223 represents the first successful attempt to develop u 
(^>eiitionally useful helicopter, and I think you will agree that considering 
tbe time and circumstances of this development, it was a very remarkable 
adiievemeat. 

ENGINE-OFF LANDING. 

Frinn these descriptions of two aircraft, which are of interest maioJy 
for historical reasons, I turn now to a discussion of the engine-off taiuWng 
of helicopters. This is an aspect of helicopter flight which has a particular 
ftsdiutioa for me because I have had the good fortune to tate part in 
certain experiments connected with it and I believe that a study of it leads 
to important conclusions with respea to the possible use of heliaqMcrs on 
a very large scale. 

There is still a good deal of argument about engine-off landings and 
in discussing them with all sorts of people I find a diversity of views and 
experience which is extraordinary, considering the length of time that 
helicopters have been in operation. The subfca is made up of a number 
of very simple considerations which most people consider to be obvious 
but, probably for this reason, nobody seems to have bothered to analyse 
them in deoul or to set them out in a logical sequence. 

Our present confusion arises pardy because the requirements of an 
engine-off lanrfing have not received adequate attention in the design of 
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CNir first generation of helicopters, and partly because very few pilots have 
been tiamed ab initio on helicopters. Thus the early pilots have found 
that they can pull off forced landii^ in a helicopter with the aid of techniques 
previously learnt from the aeroplane and the autogiro. These techniques 
are familiar and their successful modification to suit the helicopter has 
enabled us to answer a lot of awkward questions about what happens when 
the engine stops, but when one watches the modem pupil being taught to 

Sractice engine-off landings by doing violent flare-outs or high speed dives 
>llowed by long floats over the ground one cannot help thmking that an 
essential screw somewhere wants tightening. 

In practice these techniques work remarkably well, but they are nowhere 
near what is required before the helicopter can be considered suitable for 
large scale use as a common means of personal transport. Also their 
fiuniliarity and apparent naturalness have led to their limitations being 
accepted as inherent limitations of the heUcopter and it is now up to the 
designer to expose this fiedlacy by providing helicopters which, in the event 
of engine fiulure, can be landed as helicopters instead of as imitation aero- 
planes or autogiros. 

Although opinion among designers may not be unanimous on this 
point, I believe the fiicts are sufficiently obvious to ensure an early improve- 
ment in the case with which engine-off landings can be made, but in general 
it will take some time to produce new helicopters and to modify existing 
ones to meet the new requirements. In the meantime, before our confusion 
gets worse confounded by current training programmes, I think there is a 
need to set out and examine the considerations governing the performance 
of an engine-off landing, so that we can at least have a common basis for 
discussion of our present practice and a common imderstanding of the 
changes which may shordy be expected. 

To begin with, the most obvious thing about any method of performing 
an engine-off landing is that its primary purpose is to eliminate the downward 
velocity of the approach glide. Therefore, during some part of the landing 
manoeuvre, the vertical component of the Total Air Force acting on the 
aircraft must exceed the weight for long enough to allow the downward 
velocity to vanish. 

During the approach glide the aircraft is in equilibrium at a constant 
speed so that the Total Air Force acting on its vertical and equal to the 
weight and the energy required to produce this force is supplied by the 
potential energy which the aircraft is steadily losing by virtue of its descent. 
The supply of potential energy is, however, cut off at the same time as the 
xlescent is arrested, while the force required to do this is at the same time 
greater than that which was steadily maintained in the approach glide. 
The necessary considerable supply of energy must therefore be tapped 
from some other source and in an engine-off landing the only other sources 
are the kinetic energy which the heUcopter possesses by virtue of its speed 
akmg the glide path and the kinetic energy stored in the rotors by virtue 
of their anular velocity. It therefore follows that while the downward 
velocity of a helicopter is being arrested there will be a reduction of the 
q)eed along the flight path or of the angular velocity of the rotors or of both 
and these three ways of using the kinetic energy which is available correspond 
to the three types of possible engine-off landings. 
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The considerations which govern the manner in which the kinetic 
energy is used are illustrated in Fig. 12. This illustration may look rather 
complicated at firsts but I think it will be quite easily followed if we start 
with the thick arrow in the upper part of the illustration, which is a polar 
diagram similar to those we have discussed in connection with the Kite. 
The thick arrow represents the motion of a helicopter in steady flight, 
because its length indicates the speed of the heUcopter, and its downward 

inclination is the actual 
slope of the glide path, 
since you will notice 
that the horizontal and 
vertical scales insi4e the 
border of the diagram 
are marked off identi- 
cally in ft./sec. 
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Fig. 12 



The arrow rests on a curve, which represents approximately the glide 
performance of the Hoverfly I. (Sikorsky R-4b) helicopter, and you will 
notice that if the tip of the arrow were moved from left to right along die 
curve the length of the arrow would increase and its inclination would get 
less until we arrive at the point A where the arrow would indicate the gUding 
angle and flight path speed corresponding to the minimum rate of descent. 
After this the arrow would get rapidly longer for small changes in the gliding 
angle imtil, at B, it would become tangent to the curve and would then 
indicate the flight path speed for Best Gliding Angle, which occurs near 
the top of the speed range for the Hoverfly I. 

Now, if it desired to eliminate the downward velocity of the approach 
glide by means of the kinetic energy of forward motion alone, the helicopter 
must be brought in at a fast glide and the rotor incidence must then be 
increased beyond the amount which is correct for steady flight. The rotor 
will then produce an excess thrust and the aircraft will commence to do a 
normal pull-out. Also the speed of the aircraft will fall during the pull-out 
and the rotor incidence relative to the flight path will have to be continually 
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so that for each speed it is always more than the amount which 
would be correa for steady flight. In this way the kinetic energy of forward 
motion is exchanged for the temporary excess thrust required to perform 
a pull-out and the result is that, in general, the downward velocity has 
been eliminated at the expense of forward speed. 

If we consider a helicopter which is gliding so fast that the arrow tip 
is resting on B, then if the rotor incidence is increased by a small amount 
and the aircraft is subsequently allowed to settle down in steady flight, it 
will do so in a condition indicated by an arrow resting on some such point 
as A, and the arrow will then be much shorter than before, indicating that 
a small increase of rotor incidence corresponds to a considerable loss of 
speed in steady flight and to a much more considerable loss of kinetic energy 
since the initial speed was high and the kinetic energy is a function of the 
square of the speed. 

So long as a small increase in rotor incidence corresponds to a sub- 
stantial loss of kinetic energy, a pull-out can at least be started, but consider 
the thick arrow in its present position. Here even a large increase in 
incidence corresponds to only a small change in speed and a negligible 
change in kinetic energy since the initial speed is low. Even if the rotor 
were suddenly tipped up at right-angles to the flight path all that would 
happen would be that the arrow would swing down to indicate vertical 
descent and then it would be too short to reach the curve until the helicopter 
had settled down to a steady flight in the new condition. 

To measure the length of the arrow in this diagram it is necessary to 
swing it on to one or other of the scales. If it is swung up to the top scale 
it can be seen that its length in the position shown corresponds to a glide 
approach at an indicated airspeed of 25 m.p.h. in the Hoverfly I. and it is 
dear that in these conditions the kinetic energy of forward motion is, for 
practical purposes, exhausted so that no sort of pull-out is possible from 
an approach glide at or below this speed. In fiia, for the Hoverfly I., 
there is no condition of steady gliding flight corresponding to an airspeed of 
less than about 23 m.p.h., although this is not indicated by an ordinary 
A.S.I., because the pitot tube is usually horizontal so that it does not register 
flight path speeds in steep descents. 

In engine-ofi* landings from approach glides as steep as that indicated 
by the arrow, the elimination of downward velocity is entirely dependent 
on the use of the collective pitch control as a means of extracting energy 
from the rotor to provide the required vertical force, and none of the 
helicopters in common use today is suitable for landing gently at zero ground 
speed in still air from an approach glide of this kind. 

As the speed of the approach glide is increased above the minimum 
airspeed it again becomes possible to commence a pull-out, but a considerable 
amoimt of energy is required to complete this manoeuvre and, in the case 
of the Hoverfly I., a simple pull-out cannot be completed until the speed 
of the approach glide has risen to somewhere between 45 and 50 m.p.h. 
I.A.S. Above this speed the collective pitch control can no longer con- 
veniently be used to assist in arresting downward velocity in an actual landing, 
and for this reason I will refer to the approach speed at which a simple 
pull-out is just possible, as the change-over speed. 

Above the change-over speed a horizontal float becomes possible after 
the pull-out. The minimum speed at the end of an ordinary float occurs 
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when the kinetic energy of the forward motion is exhausted and it is basically 
the same speed as that represented by the length of the thick arrow. There 
is, however, a difference between conditions in a glide and those in a horizontal 
float. This is illustrated by the small diagrams in the centre of the illus- 
tration, which show that whereas in a glide the Total Air Force is vertical 
and equal to the weight, in a Boat it is the lift which is vertical and equal 
to the weight. Since the disposition of the forces is otherwise identical 
it follows that they are slightly bigger in a float for the same rotor incidence 
and the corresponding speed is approximately 10% higher, so that for the 
Hoverfly I the minimum speed at the end of an ordinary float is about 
28 m.p.h. 

llie lower half of the illustration merely summarize part of what we 
have seen in considering the top half. We have already noted that the kinetic 
energy of forward or Imear motion depends on the square of the speed and 
the lower curve shows how the initial energy of the approach glide mcreases 
with speed. It also indicates roughly the energy required for the pull-out 
and the rapid manner in which the energy available for the float increases 
with the speed of the approach glide. 

Now, in an emergency the collective pitch control is sometimes used 
at the commencement of an engine-off landing, but our practice of engine-off 
landings is still almost entirely based on the azimuth stick as the instrument 
for elidoinating downward velocity. Therefore, if we consider only engjne-off 
landings corresponding to engine fiulure at a sufficient height to allow the 
pilot full choice of his approadi, I think I will not be treading on too many 
toes if I regard the flare-out as a special kind of pull-out and say that our 
present practice is based on the motions of pull-out, horizontal float, and 
final sitnlown with the aid of the collective pitch control. 

In engine-off landings of the kinds usually practised, the float is some- 
times absent, and so occasionally is the use of the collective pitch control 
Also the collective pitch control is sometimes used to cushion the fidl of 
the helicopter after a flare-out some distance above the ground and sometimes 
merely to hold it in the air while it continues to lose forward speed after 
the end of a normal float. But before we consider these motions in detail 
I must first dear up a statement which I made earlier and which is repeated 
in Fig. 12, to the effea that the collective pitch control cannot convenientiy 
be used to assist in arresting downward velocity above the change-over 
speed. 

At first sight this seems to be rather odd, because the collective pitch 
control is at all times a powerful means of arresting downward velocity and 
whereas it is the only means of doing this from ghdes at the minimum 
airspeed, its effectiveness is also very considerably increased in forward 
ffight. In fact, even if a fully-loaded Hoverfly I. is put into a glide at any 
A.S.I. reading between, say, 35 and 70 m.p.h., the altimeter hand, which 
rotates quite fast in a steady glide, can easily be stopped momentarily by 
pulling up the pitch lever even if the speed is kept constant and the throttle 
shut. At an A.S.I. reading of between 40 and 60 m.p.h. the altimeter 
hand can not only be stopped but it can be held stationary for a brief period 
during which the machine is ftying horizontally without power at more or 
less the original forward speed. 

On the other hand, if an attempt is made to eliminate downward velocity 
by means of the collective pitch control in a landing from an approach glide 
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MR dun the dunge-ovet speed, the pilot will find himself ma dUanmi* 
nise the only way in which be an irauoe his ground ^leed is by tiliiiig 
bdicopter backwards. If he starts to do this before using the collective 
h control the result will be an ordinary pull-out or flire-out. If he 
li back the azimuth stick at the same time as he uses the pitch kver he 

find the hdioopter doing an excessively hard pull-out, with the result 
: his last groimd speed will be considerably grcam dian his first and he 

bive to £>wn pitdi and quickly think of some other manoeuvre. Finally, 
tke pitch lever is used first from a glide above the change-over speed, 
velocity of the helicopter cannot be subsequcndy reduced to less than 
fninipmtn steady airspeed, so that the forward component of this velocity 

be appreciably reduced only at the expense of a heavy landing. 

We "»" now examine the kinds of cngine-off lanHing which can be 
Xised with the helicopters at present in common use and in this c 




1 1 have in mind particularly the Ifoverfly I., which is a very good machine 
this kind of practice since it gives the pilot manual control over the 
lective blade pitch, which I believe to be essential, and it is also so arranged 
t the main rotor can safely be inclined backwards at quite large angles, 
n when the tail-wheel is touching the groimd (Fig. 13 shows this con- 
ion). The airoaft is already inclined fairly well backwards knd the 
e could be raised a good deal forther without endangering the tail rotor. 
o, at this point, I must remark that because a landing is a manoeuvre 
idi is by defoiition conducted dose to the ground and is always seen 
relation to the ground, the effect of the wind speed on its appearance 
Bcs such confiision in the arguments which usually follow that it is 
mlutely essential to base our discussion strictly on no-wind conditions. 

The upper part of Fig. 14 shows the essential attitudes and motions 
an engine-off landing from a high speed approach. The speed f^iures 



quoted are subject to considerable variation, but they are in fiict typical of 
one kind of landing which has h&ai extensively practiced at Beaulien» 
where, in initial tests and in subsequent training and practice, well over 
200, and probably by now nearer 300, of these landing have been made 
without mishap. I think this landing is ideal for initial training purposes 
because it is cQvided into a number of separate and distinct movements in 
which mistakes are easily noticed for correction in subsequent practice. 
It is usefiil for any ordinary forced 1an< 1ing in open coimtry and it can also 
be modified to suit many special circumstances. In this landing the 
collective pitch control is used only in the " extra float," and the manoeuvre 
comprises a fairly fast approach glide, a gentle pull-out, and a horizoofil 
float, so that it is very similar to an aeroplane landing. The feature 
distinguishes it from other 

cngine-off" landing practised by . B^m-oFf lahdhic 

rotating-wing aircraft is the \^ \ r»mi mat spiio APnoAoi etios 

deliberate inclusion of the hori- 
zontal float after the completion 
of the pull-out. 
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Fig. 14. High speed approach glide. 

HOV&mYI 

The float is typically entered at a fiurly high forward speed widi the 
fuselage substantidly horizontal, and we have already seen the conditions 
at this point are governed almost entirely by the speed which the pilot 
chooses for the approach ghde. Thus the conditions of entry into the float 
are voluntary but so long as the float remains level the subsequent deceleration 
of the aircraft, and the corresponding adjustment of its attitude, are governed 
exclusively by its aerodynamic characteristics and are therefore involuntary ; 
with the important exception that the pilot can at any time discontinue die 
float, either by allowing the aircraft to settle onto the ground or by using 
the collective pitch control to hold it in the air while it continues to decelerate 
without further alteration in attitude. 

The rate at which the rotor incidence, and the attitude of the fuselage, 
increases during a float, is of particular interest in connection with die 
landing of helicopters in which a large backward inclination of the fuselage 
is not permissible near the ground because of the possibility of fouling the 
tail rotor. The incidence of the rotor varies inversely with the square of 
the speed, so that the change in rotor incidence for a given reduction in speed 
is small when the speed is high, but becomes quite large at low speeds. 
Also the deceleration of the aircraft, as a fraction of G, is simply the inverse 
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of its Lift/Drag ratio, which is the same as the Gliding Angle The Gliding 
Angle of the Hoverfly I. varies from about 1 in 4 at 70 m.p.h. down to 1 
in 2 at 30 m.p.ho so that if it is brought in fast its initial deceleration is 
about one-fourth of IG, which is quite small, but the deceleration will 
increase to approximately a half of IG at the end of the float and the speed 
will then drop o£f rapidly. 

A simple calculation indicates that a float between the speed indicated 
in Fig. 14 would last little more than 3 seconds, in which time the helicopter 
would travel about 200 feet, but in a film which I hope to show after the 
lecture you will see the much longer floats which result from fiist approach 
glides. Owing to the improved Lift/Drag ratio at high speeds the speed 
lost in the pull-out is less from a fiist glide than from a slow one, so that if 
a Hoverfly I. is brought in at 75 m.p.h. it will still be doing about 70 m.p.h. 
when it enters the float, which will then last about six seconds and be about 
450 feet long. 

Six seconds does not sound very long, but you will see from the film 
that it is much longer than is needed to correa even gross errors in the 
height of the pull-out. Also during most of this time die rotor incidence 
changes very slowly so that the pilot has no difficulty in judging when the 
inclination of the fuselage has gone far enough. For this reason the risk of 
fouling die tail rotor on the ground during a horizontal float is negligible 
for a pilot who is at all fiunBiar with the proper approach speed for his 
aircraft. Even when the speed has fiedlen as low as 35 m.p.h. at the end of 
the float the fuselage will still be only slightly inclined backwards, and 
provided the helicopter has a suitable imdercarriage it can quite comfortably 
either sit down at this speed or use the collective pitch control for an extra 
£k)at, in which it will continue to slow down without increasing its tail-down 
attitude. The speed lost in this way depends on the energy stored in the 
rotors and on the backward inclination of the rotor, but with our present 
helicopters it would amount to about 15-20 m.p.h. 

The extra float can, of course, only be maintained for a brief period 
because it results from progressive slowing down of the rotor and corres- 
ponding increases of collective pitch, neither of which can be continued 
indefinitely. Nevertheless, the high deceleration at low speeds makes the 
extra float well worth while and a practiced pilot can regularly use this brief 
period to knock the forward air speed of a Hoverfly I. down from about 
30 m.p.h. to Utde more than a walking pace, although 12 m.p.h. would be 
a more usual figure in training. 

So long as the approach glide is fieist the attitudes and motions of the 
helioopter remain as shown in the top part of Fig. 14, where the extra float 
is voluntary and the length of the ordinary float can be varied at will by 
aheiing the speed of the approach glide. But when the speed of the approach 
^ide is reduced below about 65 m.p.h., in the case of the Hoverfly I., the 
character of the landing begins to alter and we find that as the ordinary 
fkMt disappears the extra float becomes a necessity for correcting errors in 
the height of the pull-out. Also the rapid changes in fuselage attitude, 
which before occurred only at the extreme end of the float, now begin to 
appcBi at the end of the pull-out and the nature of the pull-out itself b^ins 
to be affected to an increasing degree by the inertia charaaeristics of the 
rotor, which give rise to a surging or flaring of the rotor speed, so that ^^ 
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will have to ezamiiie this phenomeoon before omsidering the perfonnanoe 
of landings from low speed approadies. 

Fortunately we can understand the flaring of rotors without beooming 
involved in lengthy arguments about autorotation, for it is, a well-known 
charaaeristic of a rotor which is auto-rotating at constant pitch that it has 
a particular speed of rotation when carrying a particular load and this rotor 
speed is substantially independent of the forward speed of the aircraft. 
Also, if the load on the rotor is increased, as in a steep turn, the rotor speed 
will increase and, similarly, when the extra load is removed the rotor speed 
will fidl again to its origmal value. 

But we have already noticed that, at a given forward speed of the 
aircraft, there is a particular amoimt of lift which may be expected fiom 
the rotor when it is at a particular angle of incidence imder steady ocm- 
ditions. Also, except at very large angles, when the angle of incidence is 
increased the lift of the rotor will increase, so that if the aircraft happens 
to be doing a fast glide approach when the pilot increases the rotor inadenoe 
the resulting increase in lift will cause the aircraft to start doing a pull-out 

So long as the approach gUde is ftist and the rotor incidence increased 
gendy the resulting pull-out resembles that of an aeroplane suffidendy 
dosely to require no special comment, but if a sharp pull-out is att e mpt e d 
the picture inunediately changes and the lower part of Fig. 14 is an attempt 
to iUustrate what happens. 

In a sharp pull-out the incidence of the rotor is rapidly increased to 
a large value, which would correspond to a high lift in steady conditions. 
But, if we suppose the rotor incidence to be instantaneously increased, it 
is obvious that the rotor speed could not increase in a similarly instantaneous 
manner, although it might grow very rapidly, and the expected large increase 
in lift does not ftilly develop imtil the rotor speed has achieved an appro- 
priately high value. Therefore, at the b^inning of a sharp pull-out, the 
aircraft, in spite of its tail-down attitude, has a tendency to continue its 
original flight path while the rotor accelerates. This tendency can be seen 
by comparing die dotted flight path with the continuous line which represents 
the pull-out which would be done by a helicopter in which the collective 
pitch ocmtrol is used to prevent the rotor ftom accenting and thus absorbing 
energy. 

When the rotor speed has flared up to something like the value appro- 
priate to the expeaed increase in lift, the resulting pull-out may be very 
sharp indeed, but when the downward velocity is eliminated the pilot will 
immediately want to reduce the rotor incidence in order to enter smooth^ 
into the float. By this time, however, the rotor will have achieved a hig^ 
rate of rotation and imtil it has slowed down again it will continue to deliver 
an excessive thrust, so that in practice it is almost impossible for the pilot 
to prevent the aircraft from ballooning. 

The lower part of Fig. 14 shows the typical motion of a helicopter 
when a sharp pull-out is done frx>m a high speed approach. (Note : TUs 
illustration is over-simplified because the ftiselage is drawn parallel to the rotor 
in each case. For instance in the last figure but one the rotor would be 
roughly levd as shown, but the ftiselage would still be in a slightly tail-down 
attitude, indicating a very forward position of the azimuth stick). In these 
circumstances the ballooning is of no consequence, because the float gives 
ample time for the aircraft to settle down. The aircraft can also come 
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surprisingly dose to the ground even when the pull-out is commenced at 
«n apparently reasonable height, but this again is hiurdly likely to be dangerous 
because the tail is fidrly well up even at the bottom of the pull-out. Never- 
theless it is not a pretty manoeuvre at high speed. 

So long as the pull-out is gende the tendency for the rotor to flare is 
a funcrion of the speed of the approach glide. If the glide is £eist the rotor 
is at a very small incidence so that its thrust is nearly perpendicular to die 
flight path and very nearly equal to die lift. The small increase in lift 
required for the pull-out is then product by correspondingly small increases 
in the thrust and speed of the rotor. But at low speeds the rotor thrust is 
inclined backwards at a large angle relative to the flight path so that a small 
increase in the lift, which is perpendicular to the flight path, can only be 
produced by a large increase in rotor thrust, which is accompanied by a 
correspondingly large increase in the speed of the rotor. On the other 
hand, in a very slow glide near the minimum steady airspeed, the rotor 
incidence is already so h^ge that to increase it further produces only negligible 
increases in rotor thrust and speed. Hence there is an intermediate range of 
iqiproach speeds for which the tendency for the rotor to flare is a maximum. 

The upper useful limit of this range occurs sUghdy above die change-over 
speed, say 50 m.p.h., for the Hoverfly I. The orcUnary float is then n^ligible 
and the rotor revs, at the b^inning of the extra float, though past dieir 
peak, are still high enough for the forward speed to be easily reduced to 
practically zero. At higher approach speeds the surplus rotor revs, obtained 
in die fl^ are damped out before the extra float is commenced. 

The pull-out fhnn a glide at the change-over speed should end up with 
die aircraft at the attitude and speed, say 30 m.p.h., appropriate to the end 
of a float and with its rotor revs, flared up to their peak value. If a pull-out 
of this kind is found to be too low it can be tightened with the collective 
pitch ccmtrol without altering the attitude of £e fuselage, but in general 
It would be aimed to finish slighdy high to allow a reasonable margin for 
error, so that the extra float which immediately follows would be shmting 
downwards. 

In pull-outs below the change-over speed level flight can be achieved 
Imt at much lower forward speed so that practically no energy is supplied 
to the rotor in the last part of the manoeuvre. A feature of these puU-outs 
is, therefore, that the peak rotor revs, occur before the end of the pull-out 
ud are largely dissipated by the time it is completed. The classic example 
iMfthis is the flare-out shown in Fig. 15, in which the motion of the aircraft 
is, ideally at any rate, completely arrested at the end of the manoeuvre, 
because the rotor, having achieved its peak revs., continues to develop 
sufficient excess thrust for height to be maintained while the remaining 
forward speed is eliminated. During this brief period the rotor is required 
to produce a large thrust at substantially zero speed so that it deceterates 
very rapidly. There are a number of interesting considerations relating to 
the flare-out, but when it is considered as part of the engine-off landing 
manoeuvre of a helicopter with a tail rotor, the most obvious is that because 
of the excessive inclination of the fuselage the flare-out must be done well 
dear of the ground, so that when it is completed the helicopter still has to 
be lowered vertically onto the ground. As the kinetic energy of the rotor 
is then largely exhausted it is difficult to do this gentiy and the practice 
flare-outs with our present helicopters which I have so far seen have beeci 
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done about 15-20 feet above the ground so that the pilots have naturally 
cheated by using the engine for the touch-down. 

There is quite a sizeable fiunily of rotating wing aircraft, typified by 
the C.30 Autogiro, which do not provide the pilot with control over the 
collective pitch of the blades, and the proper object of the flare-out is to 
provide this sort of aircraft with the only means by which motion can be 
arrested without varying the collective pitch. An aircraft which is properly 
designed to do flare-out landings is usually of low disc loading and has no 
tail rotor so that the whole manoeuvre can be performed slowly and dose 
to the ground. In these circumstances the flare-out is a simple and el^ant 
form of landing, although even in the case of the C.30 a forward air speed 
of 10 m.p.h. is more usual than zero speed at touch-down. 



NORMAL A FLARE-OUT LAHDIHC 
FROM SLOW GLIDES 



Fig, 15, Slow approach gU(U. 
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A feature of a flare-out 
in which the speed is sub- 
stantially eliminated without 
ballooning is that the last 
part of the manoeuvre is 
roughly level. In Fig. 15 I 
think the curvature of the 
flight path is shown in areason- 
ably correa manner and it will be noticed that the greatest curvature, and there- 
fore the peak rotor thrust and speed, occurs at the position occupied by the 
figure A, where the fuselage attitude is still reasonable. Also the position 
of the point A is not very critical, as far as the rotor revs, are concerned, 
because, although these fall off rapidly after reaching their peak, they are 
built up fairly steadily, as indicated by the slowly increasing curvature of 
the initial part of the pull-out. Therefore, if the fuselage inclination is 
not allowed to increase beyond the desirable landing attitude, the pull-out 
will finish at A and the shmting extra float can be commenced immediately 
while the rotor revs, are at roughly their peak value. 

In the Hoverfly I., landings of this kind can be done from glide speeds 
as low as 40 m.p.h., and if the conditions at the point A are compared with 
those at the end of a float they will be found to be much the same. So long 
as the flight path is curved upwards the rotor thrust and revs, will be greater 
than at the end of a float, but this excess thrust will temporarily remain 
after the flight path curves downwards and will largely compensate for the 
remaining downward velocity, which is, in any case, not more than 10 
ft./sec, or about 7 m.p.h., even if only half the original downward velocity 
is eliminated. The forward speed is approximately the same as at the end 
of an ordinary float and so is the fuselage attitude. 
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The slanting extra float is therefore much the same as in landings from 
higher approach speeds. In short, this has the appearance of an easy landing 
and this was also the opinion of Lt. Hosegood, who did the only one of 
which I have any direct experience. I have been a passenger in many 
engine-off landings, including a number, with S/Ldr. Cable, from approach 
glides at 50 m.p.h. in the Hoverfly I., but this is certainly the easiest I have 
seen yet as well as the most efficient for setting the heUcopter down exactly 
where it is wanted. I beheve this landing is often demonstrated by the 
BeU 47, also Mr. Hafner's A.R. 1 1 1 Gyroplane had a collective pitch control 
and, although I never saw it fly, I think this must be the kind of landing 
which that remarkable machine was doing before the war. 

In future helicopters, the kinetic energy stored in the rotors will be 
about twice what it is today and an engine-ofF landing of this kind at zero 
ground speed will be so simple that I hope it will become the normal landing 
of a heUcopter except in very special circumstances. 

We have now completed our examination of the engine-off landings 
which can be practised with the heUcopters now in common use and I tiun 
back to Fig. 12 as a convenient starting point for a discussion of the landings 
which will be typical of the future. So far we have considered the speed 
of the approach glide to be varied from 75 m.p.h. I.A.S. down to 40 m.p.h. 
I.A.S., and in all these landings the use of the collective pitch control has 
been of secondary importance, being voluntary when the approach glide 
is fast and assisted by flaring of the rotor when the approach glide is slow. 

Landing from £Ei^t glides will become increasingly easy with continued 
improvement in top speeds and gUding angles, but these improvements are 
likely to be significant while the helicopter is looking for a landing place 
rather than in the actual landing, because the best gUding performance will 
always be associated with comparatively low rotor speed. The distinguishing 
feature of the approach glide of future heUcopters wiU be that the rotor 
speed wiU be high by present standards, while the corresponding gUde 
performance remains much the same as it is now. When a landing place 
is decided on the action of increasing the rotor speed in preparation for the 
landing wiU be in some respects analogous to putting down the flaps on 
an aeroplane. Once this action has been taken the easiest landing is done 
fix>m a gUde at about 30-40 m.p.h., and in future the fast approach gUde 
will be seen only as part of a training exercise designed to separate the 
motions of a landing for the purpose of initial instruction. 

Our present heUcopters are already capable of reasonably easy engine-ofF 
landings from approach gUdes as slow as 40 m.p.h., and the problem of 
future engine-off landings is concerned with the ability of a heUcopter to 
land from steep gUdes at the minimum steady airspeed. Here the coUective 
pitch control is the only means of effecting a gentle landing and the typical 
motion of the heUcopter during the landing may be described as a piill-up. 
Also the typical appUcation of the puU-up is for arresting the downward 
motion of a heUcopter which is descending vertically in stiU air at its terminal 
velocity. 

In these conditions the sinking speed of a C.30 Autogiro would be 
about 35 ft./secs., of a Hoverfly I., about 40 ft./secs., and of a contemporary 
design with high rotor speed, about 45 ft./sec, or about 30 m.p.h. verticaUy 
downwards, and not so long ago it was quite commonly thought impossible 
to design a practical heUcopter which would be capable of using the kinetic 

Assot^km of GL Britain. '^ 



energy of its rotors to arrest this motion so that a gentle engine-off landing 
could be made in pure vertical flight. 

As you can imagine, my eiq)erience with the Focke gave me a rather 
personal interest in thb problem, and, having opened my mouth rather wide 
on the subjea, I thought it might be as well to find some logical basis fi»r 
supposing that vertical engine-off landings are not only desirable but abo 
possible and even probable. At first this seemed rather a formidable 
undertaking and I got some quite severe headaches from o^ing to turn 
inside-out Dr. Bennett's well-known calculations on the jump take-off of 
Autogiros. O'H ARA, of Beaulieu, has succeeded in doing this, but fortunately 
I found that the performance of a helicopter in a pull-up can also be examined 
in a very simple manner, provided attention is confined to particular cases 
rather than general solutions, and it was quite easy to show that a gentle 
engine-off landing in pure vertical flight is possible with a helicopter living 
chiuracteristics which are within the normal range of current design practice. 

So fiaur as I know these first estimates are still the only publBhed infor- 
mation on this subject. They are based on two very conservative assump- 
tions, but all estimates of this kind are to some extent guesswork and it is 
convenient to examine the more pessimistic guesses first. On the other 
hand, although I think there is no doubt about the possibiUty of such landingSf 
the ease wid^ which they can be performed remains a matter of opinion. 
For this reason I will briefly outline the way in which the estimates were 
made. 

If, for a given helicopter, we know the inertia and profile drag character- 
istics of the rotor system, and the initial rotor speed and rate of descent, 
we can find out the rate at which the kinetic energy of the rotor system is 
being eiq)ended at any instant during a pull-up, provided we know the manner 
in which the rate of descent and the flow through the rotor have varied up 
till that instant. 

The reason why the flow through the rotor is important is easily seen 
if we consider a heUcopter being lowered steadily through the air with its 
rotor blades outstretched but not revolving. In this case the air will pass 
freely up through the rotor because there is nothing to stop it. But if the 
blades are allowed to rotate so that in steady flight they produce a thrust 
equal to the weight, it is dear that they can only produce this thrust by 
throwing air downwards or, in other words, by bating down the air which 
is trying to leak up through the rotor. 

While the helicopter is descending it is continuously losing the potential 
energy, or capacity for doing work, which it possesses by virtue of its height 
above the ground, and this energy is being lost because it is being expcoded 
by the rotor in throwing air downwards (relative to the ground). 

Now, if there were no other losses in the system, the potential energy 
supplied would be equal to the energy required by the rotor to induce the 
required downward flow of air. Also the downward velocity of this induced 
flow would be exactly equal to the rate of desert, that is, exactly equal 
to the speed at which air is trying to leak upwards through the rotor. In 
consequence, there would be no flow at all through an ideal rotor which is 
rotating freely in steady vertical descent. 

Thus any flow through a descending rotor is a measure of the energy 
which is being absorbed or given out by the rotor itself as distinct from the 
potential energy which is bemg lost by the aircraft as a whole. For instance, 
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a certain amount of energy is absorbed by a real rotor in overcoming the 
piofik drag of the rotating blades and therefore in steady vertical descent 
potential energy must be supplied at a greater rate than is needed to produce 
the required induced flow. Thus the steady rate of descent of a real helicopter 
is greater than the downward velocity of the induced flow so that air leaks 
upward through the rotor at a small velocity. 

Again, in the particular case of hovering flight without engine power, 
we know, for instance, that the whole of the downwash through the rotor 
is created by energy extraaed from the rotor. Also for any rotor speed we 
can calculate the rate at which additional energy is being extracted to over- 
come the profile drag of the blades. (The information required to do this 
is obtained from standard curves such as those shown in Fig. 16, which 
refer to the blades of the Hoverfly I. and of a helicopter of contemporary 
design). 

Tlierefore, if we know the inertia characteristics of the rotor system, 
we can find the rate at which it is decelerating at any rotor speed. But 
we have already seen, in the case of an ordinary float, that when deceleration 
18 lmK>wn as a function of speed a very simple calculation will tell us how 
long it takes for the speed to fidl from its initial value to the minimum 
permissible. Thus we can easily calculate how long a helicopter can remain 
m hovering flight, or any other steady condition, after the engine has fieuled. 

In a very similar way we can estimate the extent to which the rate of 
descent of a helicopter can be reduced in a pull-up without engine power. 
Tlie calculation is still very simple, but in a pull-up the rotor thrust, the 
rate of descent, and the flow through the rotor are all varying, so that before 
an estimate can be made it is necessary to state the kind of landing which 
is to be considered. For academic reasons it might be convenient to con- 
sider a landing in which the coning angle is constant or one in which the 
rotor thrust varies in a particular manner with rate of descent. But in a 
real pull-up the rotor thrust ought to be under the control of the pilot and 
I think a practical case is fieurly well represented by the motion of a l^copter 
doing a pull-up at constant thrust, which corresponds to applying a constant 
pressure to the brake pedal of a car. To get a comprehensive picture it is 
then only necessary to compare the performance of the heUcopter in a 
number of pull-ups at different amounts of constant thrust. 

The assumption of constant rotor thrust means that the pull-up is done 
at constant deceleration and the rate of descent is then known at any instant. 
Also, if the thrust and rate of descent are known at any instant, we can 
find the corresponding flow through the rotor from Fig. 17, which, so fiu* 
as we are concerned, shows the relation between the rate of descent of a 

helicopter (plotted here as-^) and the flow through the rotor (plotted here 

as-^) when the thrust is constant. This curve is in three parts, which are 
I* 

labelled to show to what condition of flight they refer. It is not a calculated 

curve, because there is no reliable means of calculating it. Instead, it is 

an estimate based on model tests and on a few tests of full scale rotors. 

The precise shape of the curve remains to be determined and is probably 

also a function of disc loading. Perhaps the best thing I can say about this 

particular curve is that, apart from fitting a few test results, it is cribbed 
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ftxnn tbe best possible authorities, so I don't think it will be suggcsKd that 
the probable inaccuracies in m shape would seriously affea conclusions 
with regard to pull-ups. 

In steady vertical descent we can calculate the upward Sow tbrou^ 
the rotor which provides the enei^ required to overcome the profile drag 

of the blades, so that we know-^ which is small, and we find that the operating 

state of the rotor is then defined by a point near the lower end of tbe top 
branch of the curve. From the verti<al scale we have the corresponding 



value of-=^from which the rate of descent can be calculated. Similarly, if 



we know the rate of descent we can use the curve to find the corresponding 
flow through the rotor. 

In a pull-up at constant thrust we know the thrust and tbe rate of descent 
at any instant, and if wc assume that the curve applies to unsteady as well 
as to steady motions, wc can find the corresponding flow through ^e rotor. 
If the pull-up is performed at all rapidly this assun^tion is grossly conser- 
vative, as we will see later, but even so the resulting estimates are quiu 
encouraging. 

When all the necessary information is collected together it can be fed 
into a very simple equation which shows the manner m which rotor speed 
fells off with time uter the F' 16 

commencement of a pull-up. ''' 

The results are shown in Fig. 
18 for a typical contemporary 
design in five pull-ups at 
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different amounts of constant thnist. The thrust is expressed here as the 
ratio fly so that the right hand curve refers to a pull-up in which the rotor 
thrust is 1.3 times the weight, and the left hand curve refers to a pull-up 
when the thrusr is 2.1 times the weight. The horizontal scale is seconds, 
but the vertical scale is in radians per second, so that the rotor speed in 
r.p.m. would be sUghtly less than ten times the figures shown. The initial 
tip speed of this rotor is about 705 ft./sec, or 0.64 times the speed of sound. 

As the rotor speed falls off while the thrust remains constant the blades 
would ultimately either stall or cone up until they reached their upper stops. 
In this design they would stall first, and each curve is continued to a point 
where the mean lift coefficient of the "otor blades has risen to 1.2, which is 
taken to indicate stalling and therefore the end of the pull-up. The time 
spent in the pull-up is therefore known in each case, so that the rate of 
descent at the end of the pull-up is easily calculated. The way in which 
the rate of descent at the end of the pull-up varies with the thrust during 
the pull-up is shown in the lower curve of Fig. 19. 

The other curves in this diagram show the way in which the height 
lost in the pull-up and the time spent in it, very with the rotor thrust. 
According to this diagram the pull-up can be commenced at any height 
between 100 ft. and 20 ft. without the final velocity exceeding 12 ft./sec, 
which is the capacity of a normal undercarriage, while the final veloo!^ 
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would be less than 6 ft./sec. if the pull-up is commenced between 60 fL 
and 30 ft. from the ground. 

As an example of pessimism I think you will agree that this is not a 
bad effort. Nevertheless, the curves do not indicate that the helicopter 
would stop and as I was reluctant to abandon the conservative basis of 
these estimates it was necessary to find some means of representing the 
degree of improvement which could be expected without major alterations 
in the design. If such an imp]t>vement were needed in an actual case it 
would be obtained by small decreases in disc loading and solidity and by 
small increases in rotor speed and blade weight, but to preserve a direct 
comparison in the estimates I lumped these all together and represented 
them by a single increase of 30% in the weight of the main rotor blades, 
whidi amounts to a 2% increase in the total weight of the aircraft. As this 
particular design can hover in still air at much more than its normal weight, 
I don't think even this unnecessarily large increase of 2% would noticeably 
affect the normal performance. The effect on the performance in a vertical 
pull-up is, however, quite impressive, as shown in Fig. 20. 

The thick curve in the middle of the diagram shows the way in which 
the rotor speed at the end of the pull-up varies with different values of the 
thrust. The slanting chain-dotted hne just below the thick curve indicates 
the way in which the minimum rotor speed, at which blade stalling occurs, 
increases when thrust is increased. Comparing this slanting hne with the 
thick curve we find that the rotor speed at the end of the pull-up exceeds 
the minimum permissible over quite a large range of variations in thrust. 
Within this range the helicopter will be brought to rest in a pull-up without 
stalling of the blades and the rotor speed at the end of the pull-up is then 
still a good deal higher than the minimum which is permissible in hovering 
flight, so that a brief period of hovering flight will be possible before the 
hdUcopter settles onto the ground. The time elapsed during the pull-up 
and the time available for hovering are indicated by the curves immediately 
above the thick curve. 

Here again the performance is under-estimated because the hovering 
time refers to hovering in free air and makes no allowance for the ground 
cushion. Also, a closer inspection of the thick curve shows quite dearly 
that the assumption of constant thrust does not represent the most effective 
pull-up because if we consider the right hand end of the thick curve where 
it crosses the slanting line it is obvious that although the pull-up cannot be 
continued at the same high thrust it could quite well be continued at a 
lower thrust, in which case the heUcopter would have started to go up again 
before blade stalling occurred. 

In a typical landing in which the pull-up is done at constant thrust, 
the motion of the pitch lever would be as shown in Fig. 21, where the sharp 
increase in pitch at the beginning of the pull-up corresponds to the sudden 
increase of thrust to the value which is afterwards held constant. 

(The figures in this diagram are calculated in a rather crude way and 
are intended to indicate motion of the pitch lever rather than absolute values 
of blade pitch, which is shown too small by about a degree). 

The sudden decrease of pitch at the end of the pull-up would then be 
necessary to prevent the helicopter from rising again. On the other hand 
we have already noted that the thrust in a puU-up ought to be high at the 



beginiiing and low at the end, so that in the most effective pull-up the 
initial sharp increase in pitch would be even more marked than in Fig. 21, 
while there ought to be a less marked reduction in pitch at the end of the 
pull-up. In faa, this diagram suggests that the most efficient pull-up is 
one in which the pitch is suddenly increased by about 10 degrees and then 
Idt alone until it is wanted for final adjustments as the helicopter settles 
onto the ground. This action of the pitch lever could, of course, be obtained 
automatically by pressing a button, but I do not think automatic devices 
of that kind should be encouraged in piloted aircraft. 

Now, if the pull-up has been performed in the most effective manner 
the original helicopter could have stopped quite easily without the blade 
weight being increased at all, and at this point I was prepared to let the 
matter rest for the time being because it was already clear that engine-off 
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landings in pure vertical flight are possible within the range of our current 
design practice. But I did mention that not only had the ground effect 
been nc^ected in hovering, but also the inertia of the air had been neglected 
during the pull-up, and this latter feature of the estimates had since been 
the subject of quite severe criticism on the grounds that they are too 
pessimistic. 

Now the assumption of constant rotor thrust during the pull-up inq)lies 
that at the beginning of the pull-up the thrust is instantaneously incra»ed 
to n times the weight of the aircraft and the reason why these estimates are 
pessimistic is that to use the curve of Fig. 17 in the way it 'was used is equiva- 
lent to saying that the velocity of the downward induced flow is also increased 
instantaneously to n times its normal value. But the induced flow is not 
something which happens only in the plane of the rotor — on the contrary, 
to speed it up entails altering the whole flow pattern around the rotor and 
the inertia of the air involved in this flow pattern is considerable, so that an 
appreciable time is required to establish a change in the induced velocity. 

I do not know of any reliable method of estimating this time, but 
certainly in a pull-up the induced velocity would not increase to the value 
appropriate to the vortex ring state through which the heUcopter is assumed 
to pass in the estimates we have considered. Also, if the pull-up is quick, 
it would in practice be performed dose to the ground, which would furth»t 
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interfere with the build-up of induced velocity and in these drcumstanoes 
I think it is not unreasonable to suppose that the increase in induced velocity 
is small. 

If this is so, the effect on the performance of the pull-up is very con- 
siderable, as shown in Fig. 22, which illustrates the performance of the 
original helicopter with light blades, assimiing the induced velocity remains 
throughout the\ pull-up at the value appropriate to steady vertical descent. 
Now this diagram and the previous estimate for this helicopter represent two 
extreme possibilities and the truth lies somewhere between them. For 
instance, an imaltered induced velocity cannot reasonably be accepted in 
the case of the right hand curve, which represents a pull-up started at 100 
ft. and lasting over 4^ seconds, and in this case the previous estimate of a 
final velocity of 12 ft./sec. is probably somewhat nearer the truth. On the 
other hand it is very unlikely that anyone would start a pull-up at 100 ft., 
and when we consider the more usual height of 40-50 ft. it is dear that 
the pull-up would be over in approximately two seconds and would take 
place largely within the ground cushion. In these circumstances there will 

probably not be any large 
build-up of the induced flow 
and I believe the figures 
quoted in this diagram are 
dose to the truth for typical 
pull-ups at constant thrust in 
actual future landings. 
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But we have already noticed that the rotor thrust should be high at 
the beginning of a pull-up and low at the end for maximum effectiveness 
and this is very dearly indicated in Fig. 22, which shows that in the first 
half-second of a pull-up the pilot has at his command a brake of almost 
unlimited power, within the range which he is likely to require, which costs 
practically nothing in rotor energy. The slight flaring of the rotor when 
the pitch is increased is a phenomenon which must occur whenever the 
thrust of an auto-rotating rotor is suddenly increased without a correspon- 
dingly sudden increase in the induced flow. The phenomenon is very 
short-hved in vertical flight because it can only occur while air is flowing 
upward through the rotor, whereas the extra thrust very quickly reduces 
the rate of descent to less than the velodty of the induced flow, after which 
the flow through the rotor is downward. In practice the phenomenon would 
not produce any significant increase in rotor speed, but it would be noticeable 
as a small time-lag between the extra thrust and the falling-ofF of rotor 
speed. 

When allowance is made for the inertia of the induced flow the corres- 
ponding estimate of the motion of the pitch lever during the landing will 
nlso be altered and the initial sharp increase in pitch shown in a previous 
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diagram would correspond to a much larger increase in thrust so that the 
collective pitch control may be expected to be more sensitive and more 
powerful than was originally estimated. 

The speeds and decelerations shown in this diagram for a typical 
pull-up from, say 50 ft., are practically the same as in the extra float at the 
end of an ordinary engine-ofF landing, namely, an initial speed of 30 m.p.h. 
and a mean deceleration of slightly more than half of IG. Considering the 
extra braking power which is available if required, and the allowance of, 
say, 2 seconds of hovering time for correction of mistakes, it does not appear 
that a landing of this kind would be very difficult, unless it can be shown 
that judgment of height and speed in vertical flight is fundamentally different 
from that in horizontal motion. Personally I don't think there will be any 
difficulty of this kind and I believe that if a pilot approaches the vertical 
landing gradually in the course of his training he will find it comparatively 
easy. 

The vertical landing is certain to be an important feature of a pilot's 
training because it is typical of all landings from glides at the minimum 
airspeed. In the event of engine failure over built-up areas, or over wooded 
or uneven ground, a glide at the minimum airspeed is attractive because 
it allows the pilot to steepen his glide path immediately he sees a clear space 
for landing, without waiting for the completion of the pull-up which would 
intervene at higher speeds. Also, when descending steeply, he has complete 
freedom to use the azimuth stick in changing his ffight direction without 
incurring changes in the ffight path speed which would upset his judgment. 
Where the helicopter must be accurately positioned for a pull-up in a 
confined space this freedom and directness in the approach will be valuable 
features of a helicopter which is capable of vertical engine-ofF landing. 

The normal engine-off landing of such a helicopter would naturally be 
done in the easiest circiunstances and these will correspond to a glide speed 
of 30 to 40 m.p.h., where the landing will include a little pull-out, a little 
fiare-out, and plenty of pull-up, all combined in a manoeuvre which will be 
so easy and will take such a long time anyway that the power of the engine 
could not very well be used even if it was still available. When we have 
got to this stage we will be able to return to the practice of the pre-war 
flying clubs, where we were taught that every landing should be done as 
though it were a forced landing in normally easy circumstances. I think 
this is a very wise teaching and I hope that in the course of the next few 
years the use of engine power will largely disappear from the normal landing 
of a helicopter. 

Westland-Sikorsky S-5 1 . 

To conclude my talk I have brought with mc some slides illustrating 
the activities of the Westland Go's. S-51 helicopter in the demonstrations 
which it has been giving this summer in all parts of the country. The 
S-51 is a magnificent aircraft with a long history behind it and a great future 
in front of it. As you know, our job at Westlands is to produce a British 
version and we have made good progress with the work of translating the 
present American aircraft into British materials, with the Alvis Leotvvds^ 
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as an alternative to the Wasp Junior engine. The extensive detail revisi(» 
of the American drawings to meet British design requirements and to 
accommodate British proprietary parts, and the considerable work entailed 
in preparing for production, are being pushed ahead at Westlands with all 
possible speed by a growing team of able and enthusiastic engineers, with 
every intention of consohdating the great advantage which we have from 
our dose connection with the Sikoreky Division of United Aircraft. 
The sUdes show typical items from demonstrations : — 

1. Use of Air/Sea rescue hoist. 

2. Parking between cars. 

3. Taking man from buoy. 

4. One item of our normal demonstration included lifting a dummy 
girder, and this apparently tickled the fancy of Sir Donald Balky, 
of Bailey Bridge fame, who invited us to give a demonstration at 
the MiUtaiy Engineering Experimental Establishment at Christ* 
church. For this occasion we fitted the machine with a special 
weight-lifting beam and here you see it lifting : — 

(i) A section of a Bailey Bridge weighing 600 lbs. (Fig. 23). 
(ii) An engine and mounting we^hing 960 lb. 
(iii) At another demonstration we arrived with the special beam 
in place and, on lookii^ round for something to lift, wc found 
a crate containing a Gipsy Six engine, which is being 
lowered on to a very small trolley. 
These illustrations show the aircraft operating in practically still air 
without any benefit from the ground cushion, and you mil remember (axa 
Mr. Sikorsky's lecture that the weights mendoned are &r less than the 



eighteen people which can be lifted in a normal take-off or with the help of 
a little wind. Nevertheless they represent a very useful practical perfor- 
mance, for instance, in carrying food to isolated places. 

5. In the course of our demonstrations we gained valuable experience 
in operating in and out of the major London Airports and in flights 
over the MetrppoUtan area. These flights included many landings 
at Barnes, and others in Regents Park, on the Horse Guards Parade, 
etc. Here you see the S-51 after landing on the roof of a strong 
room in the bombed area behind the B.B.C. and immediately 
outside this lecture hall. 

Owing to a fit of absent-mindedness on my part my final Slide is missing. 
It was an attractive photograph showing two S-Sl's leaving Yeovil for our 
original demonstration at Barnes, but anyway that is a sight which I hope 
will shortly be a commonplace at heUcopter airports all over the count^. 
In the meantime much remains to be done and it would be foolish to indulge 
in unnecessary prophecy, but we hope that by this time next year Westland- 
Sikorsky S-Sl's will already be in commercial operation. 

In conclusion I take this opportunity of thanking the Ministry of Supply 
for permission to use the material for the fiirst part of this talk and particularly 
for the assistance I have received from RDL2 and the A.F.E.E. Similarly 
I am indebted to the Westland Company for permission to discuss the S-51 
and for their assistance in the preparation of notes and slides. 

Finally I would like to say that I very much appreciate the privilege 
and pleasure of this opportunity to address the Helicopter Association and 
I thank you very sincerely for your kind attention. 

Note — Illustradon of the full range of slides shewn has not been possible owing to lack of space — Bd. 



Film Shown Illustrating Mr. Fitzwilliam's Lecture. 

This film was taken at Beaulieu in the summer of 1945 and it shows 
seven engine-off landings by a Hoverfly I. from approach glides at a speed 
of rather more than 75 m.p.h. A.S.I. It is interesting beaiuse it not only 
shows the long float which results from a high speed approach but also the 
pull-outs in tihe first three landings were done very sharply owing to a 
misunderstanding between the pilot, Lt. Hosegood, and myself. 

These landings followed the original experiments which were flown by 
S/Ldr. Cable, and they were part of a series in which the length of the extra 
float was varied from zero to the maximum by varying the amount of collec- 
tive pitch used. The extra float could have been a good deal more effective 
than it was in these tests because you will notice that the tail-down attitude 
of the aircraft could quite safely have been considerably increased. Also in 
a real forced landing the engine would be dead and the pitch control could 
be used to its full extent. In these landings, although the engine is not 
used, it is still i(Ving, and the pitch and throttle synchronising gear of the 
Hoverfly I. is rather awkwardly arranged so that even when the twist-grip 
throttle is shut as far as possible the engine cannot be prevented fn>m 
interfering with the landii^ if the pitch is increased beyotLd ^Sc^^^ \^ « 
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(Note. — Several members seem to have deduced, from the stroboscopic 
effects in the fihn, that the engine was employed in these landings. This is 
definitely not the case, as could be demonstrated by reference to the increasing 
coning angle in the '" extra float "). In these landings the air speed at 
touch-down is about 12 m.p.h. or less, but you will notice a peculiarity of 
the Hoverfly I. which results in the forward speed increasing on the ground 
if the rotor is allowed to tilt forward after landing. Because of this the air- 
craft will continue to run along the ground for a surprising distance unless 
the azimuth stick is held hard back. 

This motion can, of course, be arrested immediately by use of the brakes, 
and you will notice that we fitted small biunper wheels on either side to 
guard against the nose being rubbed on the ground. With these in place 
the aircraft was landed on the runway at speeds up to 25 m.p.h. and on grass 
at about 12 m.p.h., but in spite of the rearward position of the main wheels, 
and the fact that the bumper wheels projected noticeably below the nose, 
they only contacted the ground twice and on both occasions this was because 
the main wheel brakes had been left hard on by mistake. 



Mr. Pullin's Vote of Thanks to Mr. Fitzwilliams. 

Ladies and Gentlemen, — It gives me great pleasure to propose a 
hearty vote of thanks for the excellent lecture so well prepared and delivered 
by Mr. Fitzwilliams. 

Mr. Fitzwilliams commenced his career in rotating wing aircraft when 
he was transferred from the Turbine Department of Messrs. G. & J. Weir, 
Ltd., to the Aircraft Section in 1939, which was under my supervision. He 
was so determined to get into the rotating wing field that he really organised 
own transfer and judging by the progress he has made in the art it will be 
appreciated that you cannot keep a good man down. This is especially 
true with Mr. Fitzwilliams, and he also takes part in the airborne experi- 
ments. 

As I understand the time at our disposal this afternoon has practically 
expired, I should hke you to join me now in a very hearty vote of thanks 
to Mr. Fitzwilliams for the excellent lecture we have so much enjoyed. 
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Editorial. 

In this, the third issue of the Journal the Council think it appropriate 
to give a brief resume of the work which they have undertaken on behalf 
of the Association .in the general interests of furthering the development 
and use of the helicopter. It must, however, be reaUsed that much work 
has yet to be done if the heUcopter is to take up its proper role in the field 
of transportation, and if its many advantages are to be employed to the 
fullest extent. 

The Ministry of Civil Aviation has formed various working Groups 
for the framing of suitable regulations covering the issue of Pilot Licences 
and the Regulatory Aspects of helicopter operation, also, the Ministry of 
Supply has arranged meetings to consider the requirements for Blind Flying. 
Our Association, now being accepted in ofRcial quarters as the authoritative 
voice in these matters, has, on these occasions been invited to express its 
views, and many of our members have attended the above-mentioned 
meetings on behalf of the Association. 

Other matters at present under discussion with the authorities affect 
the Licensing of Engineering personnel ; the planning and location of 
suitable landing places and the adaptation of existing legislation to allow 
the heUcopter the freedom it requires, and other allied subjects, all of which 
have an important bearing on the future of rotary-wing aviation. 

The Coimcil is glad to repon to members on the excellent co-operation 
exhibited by all the Government Departments concerned. This work 
continues and from time to time calls will be made upon members to volunteer 
for duties on various Sub-Committees which it is being found necessary 
to form in order to ensure that the Association's interests »may be represented. 
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Trinity Honse 

Helicopter Aials 

It has already been nponed 
in the last Journal that Heli- 
copler Lighthouse rescue and 
relief trials were carried out list 
Oaober, when a Westland- 
Sikorsky S-5I carried our ^^ce• 
rhnirmnn Mx. NOKMAN HlU, 
&om the windswept galleiy 6[ 
the Dungcncss Lighthouse to 
a lifeboat, in a successful en- 
deavour to prove the suitability 
of the Helicopter for this type 
of rescue and relief work. 

We now hear that during 
February of this year, the Elder 
Brethren of Trinity House had 
occasion to make a genuine 
emergency call for a helicopter 
relief. The crew of three men 
on the Wolf Rock Lighthouse, eight miles off Lands End, were 
overdue for relief owing n> the bad weather and to the faa that their rations 
were almost exhausted, the Trinity House Tender, the 300-ton Triton, 
having made numerous unsuccessful attempts to bring relief to the Light- 
house. 

As on the occasion of the earlier trials, the Westland Aircraft Company 
collaborated \vith the British Electric Traction Company, and on the morning 
of February 7th, despite high winds gusting up to 45 knots and a ten-tenths 
doud base at 800 feet, Mr. A. E. Bristow, the Pilot, and Mr. L. Swain, 
Engineer, took off from the Royal Naval Air Station, Culdrose, in the 
Westland-Sikorsky S-51. The flight to the Lighthouse was made at 100 
feet, and on arrival the machine hovered while 230 lbs. of provisions were 
lowered by the hydraulically-operated winch lo the crew of the Lighthduse. 
These trials and their results are significant in showing that the heli- 
copter is now generally recognised as a practical and useful vehicle, and due 
credit should be given to the Companies concerned for their initiative, the 
results of which will undoubtedly reBect beneficially throughout the British 
helicopter industry. 
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iNTBODUCnON BY THE CHAIRMAN. 
Ladies and Gentlnnen, 

It is with pleasure that I introduce to you toda]r Mr. McClements, 
who is going to talk to us on the subjea of " Helicopter Rotors." 

Mr. McClements is a relativeljr newcomei to the rotary wing industry 
and only claims a modest two years or so of direct connection, first with the 
Ministry of Supply and now as experimental engineer to the Helicopter 
Development Unit of British European Airways Corporation. Apart from 
this, it is quite obvious that he has given a great deal of thought and work 
to tbt subject of his lecture. 

Speaking from personal e^>erience, I can assure you that he was 
invaluable to all those in the industry during his time at the Ministry of 
Supply and will, I am sute, be equally so in his present appointment. 

On behalf of the Assodatton, may I welcome our guests and trust 
you will be well rewarded for coming along. 

Mr. a. McClements. 

INTRODUCnON. 

In this paper certain mathematical relationships are derived which it 
is thought will be hclpfiil in the detailed consideration of rotor designs and 
during study of the influence of the rotor on the aircraft as a whole. 

In general, the contents of the paper are straightforward insofar as 
they are statements of fact. However, this is not so right throughout the 
work because some of the assumpdoos made are based on incomplete data 
and are therefore Ukely to lead to controversy. In making such assumptions 
this possibility is appreciated, but, rather than omit them, they are included 
in the bcUef that the resulting discussion will be of general interest. 



In considering the factors which influence the effea of the blade on 
the aircraft as a whole it soon becomes apparent that their number of possible 
combinations can lead to complexity unless simplifications are resorted to. 
In order, then, to derive expressions which are both manageable and useful, 
the treatment here adopted is limited where necessary to extreme cases 
within which operational conditions are thought likely to prevail. 

A complete study of this subject would take account of the power 
parameter throughout. This is not done in the present work and the 
omission should be noted at the outset for the purpose of appreciating the 
limitations of some of the expressions derived. 

In order to explore general trends it has been necessary to assume 
values for certain constants and for such parameters as disc loading and tip 
speed. The values so used for the constants are based on current design 
experience and the tip speed and disc loading adopted are chosen as repre- 
sentative of a conventional mediimi speed machine. 

2. Summary. 

(The paper is in 2 parts). 

In Part 1 basic relationships of a general nature are derived between 
such variables as blade weight, centrifugal force, moment of inertia, aero- 
dynamic lift, coning angle, and such dimensions as the radial positions of 
the blade centre of gravity, centre of percussion, radius of gyration and 
centre of resultant lift. These basic relationships are used to derive the 
general equation of blade equilibrium. The general equation of blade 
equilibriimi, used in conjimction with the basic relationships, enables 
expressions to be determined which define the following within the limits 
of the assimiptions stated in para. 4. 

(a) Coning angle for maximum axial rotor lift on the assumption that 
the blade has no acceleration in the flapping plane about the 
flapping hinge. 

iVo/^.— -Consideration of power requirements would show that this 
angle would never be used as a steady design condition ; it is, 
however, of academic interest. 

(b) Blade weight/Aircraft weight ratio. This ratio is determined in 
terms of rotor angular velocity, rotor radius and coning angle. 
Note. — ^While it is shown that increase in coning angle results in 
a depreciation of this ratio, it does not follow that it is a good thing 
from the weight viewpoint to adopt lirge hovering coning angles. 
Large coning angles necessitate an increase in rotor power for the 
same all-up-weight and the power parameter must be introduced 
to get an overall appreciation of the effiect of coning angle on 
payload. This is done in (c) under. 

(c) Best hovering coning angle from viewpoint of weight economy for 
any given engine power. 

(d) Loss in useful load when a coning angle other than the best from 
the weight viewpoint is adopted. 

(e) Change in coning angle with change in blade lift. 
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(/) Aircraft acceleration in the direction of the rotor axis of rotation 
and maximum angle of blade flap during acceleration. 
Note. — It should be imderstood that accelerations arising from 
increases in blade Uft coefRcient of appreciable magnitude are likely 
to be of short duration and made possible by the necessary power 
increase being supplied from the rotor kinetic energy. Such 
accelerations, while imlikely to be maintained, are important from 
the stressing viewpoint. 

{g) Time taken for the blade to move from one coning angle to another 
when the blade lift coefiicient is suddenly changed. 

In Part 2 the aircraft is broken down into various components and the 
ratio of the weight of each of these components to the all-up-weight is studied 
in relation to the rotor radius. On the basis of the assimied manner in 
which the aircraft component parts vary with the rotor size, and, in particular, 
that : — 

(i) the ratio of part of the transmission weight to the all-up-weight 
varies as the square of the rotor radius ; and 

(ii) the disc loading and tip speed do not vary as the rotor radius is 
changed ; 
expressions are derived from which the following quantities can be studied : — 

(a) rotor size for maximum useful load Ufted ; and 

(p) rotor size for maximimi useful load /all-up-weight ratio. 

Part 2 of this paper is meant to apply only to machines having con- 
ventional engines, since the expressions derived are not necessarily applicable 
to jet driven rotors with simplified transmission systems. 

3. List of Symbols. 

Blade radial length Rp^ 

Blade weight per unit length at radius R . . w Lbs /Ft. 

Total blade weight Wb Lbs. 

Moment of blade weight about flapping hinge . . MWb Lbs. Ft. 

Resultant blade centrifugal force Cp Lbs. 

Moment of resultant blade centrifugal force about 

flapping hinge Mcp Lbs. Ft. 

Aerodynamic lift per unit length of blade at radius R 1 Lbs /Ft. 

Resultant aerodynamic lift on blade . . L Lbs. 

Resultant aerodynamic lift during hovering . . Lj^ Lbs. 

Maximum resultant aerodynamic lift on blade . . Lj^ Lbs. 

Moment of aerodynamic lift about flapping hinge Ml Lbs. Ft. 

Axial component of resultant blade lift . . . . L cos ^oLbs. 

Coning angle of blade ^o RADIANS. 

Coning angle of blade for maximimi axial lift com- 
ponent, when the blade has no flapping 
acceleration ft^ RADIANS. 
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Coning angle fixed by maximum lift coefficient . . 
Coning angle of blade during hovering . . 
Hovering coning angle for maximum useful load 

Maximum angle of blade flap resulting from blade 
acceleration about flapping hinge 

Blade flapping velocity 

Blade flapping acceleratioii 

Blade lift coefficient 

Maximum blade lift coefficient 

Blade lift coefficient during hovering 

Angular velocity of rotor about axis of rotation . . 
Blade tip speed 

Vertical acceleration of aircraft when /9q is zero . . 

Vertical acceleration of aircraft (general case) . . 

Maximum vertical acceleration which aircraft can 
experience when p^ is zero 

Radial position of blade centre of gravity 

Radial position of resultant oentriftigal force on 
Made (f .e., centre of percussion) 

Position of resultant aerodynamic lift on blade . . 

Moment of inertia of blade about flapping hinge 
Radius of gyration of blade about flapping hinge 

Ratio Axial lift component^ when )8o = 

Blade weight 

Ratio Axial lift component (general case) 

Blade weight 

Rotational energy of blade about flapping hinge 
when vel. is ^q 

Time taken for blade to cone from one angle to 
another . . 

Revolutions made by rotor in time t 

Aircraft all-up-weight 

Weight of transmission parts dependent on rotor 
torque 

Weight of transmission pans independent of rotor 
torque 



i^M RADIANS. 
% RADIANS. 
%j RADIANS. 

i^F RADIANS. 
)»o RADS/SEC. 

/So RADS/SEC^ 
Cl 

^Lm 

Clh 

<u RADS/SEC. 

cos/^qX u>R FT/SEC. 

N)5o g FT/SEC2 

N g FT/SEC^ 

Np (max.) FT/SEC2 
^iRFT. 

feRFT. 
A3RFT. 

I Lb. FT. SEC2 
jfeRFT. 



g 



KE FT. Lbs. 



tSECS 
n REVS. 
W Lbs, 

WTj Lbs. 
WT2 Lbs. 
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Wd^ of engixie and power plant . . Wg Lbs. 

Weight of airfiiame, undercarriage, furnishings, etc. Wp Lbs. 

Weight of tail rotor blades Wb^ Lbs. 

Weight of crew Wc Lbs* 

Useful load Wu Lbs. 

Maximum useful load Wu (max.) Lbs. 

Aircraft all-up-weight minus blade weight . . W^ Lbs. 

Maximum value of W^ W^ (max.) ^^* 

Ratio Wu (max. ) x 

WA (max.) 

Disc loading DL Lbs./FT^ 

No. of blades per rotor Z 

PART 1. 

4. ASSUMPTIONS. 

(a). The blade flapping hinge is on the axis of rotation. While rotors 
frequently have off-set flapping hinges the amount of off-set is usually small 
and unlikely to have any significance in the formulae derived. 

(b). The blade lift acts normal to 4he blade surfiice ; thus the effect 
of radial air flow is ignored. Since the effect of any radial flow on the 
direction of the resultant lift veaor can only be of secondary importance 
it is felt that this assumption is justified. 

(c). If the power input to the rotor is constant and the rotor angular 
speed is constant, the length of the resultant blade lift veaor is constant 
for all coning angles from zero up to those in which we are likely to be 
interested. This assumption is unlikely to hold over a large range of coning 
angles, but it is probably accurate to a close order of approximation fbx 
coning angles from zero up to at least IS''. 

(d). The aircraft has air speed only in the vertical direction. 

(e). Bending in the blade is ignored. Blade deflection will reflect on 
the values of the aircraft momentary accelerations derived but are unlikely 
to seriously influence the litriiting values. 

(/). Air damping on the blade in the flapping plane is ignored. The 
effect of this assimiption will be to under-estimate the time taken for the 
blade to move from one coning angle to another, but the assumption is 
unhkely to influence the order of the result which is of interest as distinct 
from its absolute value. 

(g). In investigating general trends the values of the blade constants 
are assumed to be : — 

ki = 0*42 where y^^R is the radial position of the blade C.G. 

^2 = 0'56 where kj^ is the radial position of the blade centre of 

percussion. 
^3 = 0'72 where kj^ is the radial position oT the resultant blade 

lift. 
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The value of these constants will vary fixHn one design of blade to 
another but probably not greatly since blades are similar insofiu: as they 
are long and narrow and of like mass distribution. The chosen values are 
based on current design experience. 

(A). Momentary loads on the blades resulting in movements in excess 
of the hovering coning angle are assumed to cause no loss in blade rotational 
speed. This is an extreme case which is probably approached in practice 
because of the high rotational inertia of the rotor maintaining angular speed 
constant during short periods of excess blade flapping displacement. 
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5. BASIC RELATIONSHIPS. 

The following basic relationships used throughout the paper are derived 
fiom figure 1 and are applicable to any blade. 



= I w dr. 



(i) Blade weight. W^, = 



(ii) Moment of blade weight about M^y, = cos /3q 
flapping hinge. 



R 



wr dr 



(iii) Blade centrifugal force. 



Cp 



_ 2 



o. cos^o 



R 



wr dr 



_ ..2 



g 



= ui^ ^Wi 



g 



(iv) Moment of blade centri- x*^ o o 

fiioal fnrrf^ ahnnf flan- ^F = "" ^OS /^, 



fiigal force about flap- 
ping hinge. 
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(v) Moment of inertia of blade about I = - 

flapping hinge. g 



a»2 COS i^Q sin /8q 



(vi) Lift on blade. L a Cl «^ cos 2^, 



of''" 
r^dr 

The resultant forces mentioned above are shown acting on the blade 
in Fig. 2. From Fig. 2 it follows that — 



(vii) Moment of blade lift 



(viii) M^ = Wb kj R cos i^o 

(ix) Mcp = Cp k2 R sin p^ 

(X) Ml = LkjR 

(xi) Ip^ = Wbk2R2^^ 

g 

Now Wb k2R2 = 1 . ^ ^ ^^ .x 

— I I wdr k2R2 from (i) 



1 f^ 

- \ wr2 dr 



from (v) 



j wr2 dr 

wdr 



o 



f 



R 
Also, M^j^ = cos ^o \ wr dr from (ii) 




R 

= cos )8o \ wdr k2 R from (i) & (viii) 



TR 

J wr dr 



i.e. ki = ^ ^ 

* Tr 



R oj 



wdr 
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g 

g 
R 



!!^o^^^w,2dr 



Agdn. Mcp = ^ cos ^o sin .„ , „_,,. ^^.^^ 



o sin /So fR 

-L I wr or 

g oj 



k2R from (iii) & (iz) 



• • ^2 = p^^^ (b) 

R ^ I wr dr 



|-R 

Hence, kj x k2 = — ^ — = = k^ from (a) 

r2 J wdr 



Hence, 1$^ = Wb kj ^^2 ^^ '^o 

g 

= MWb k2 R '^o 



g cos fio 



(c) 



(xii) If position of resultant inertia force on blade = k4 R, 

then Aj4R f^ (^ ^ 

--^— I wr dr /»o = 1 I wr2 dr /^^ from (ii) & (v) 

^ oJ - oJ 

Q J wr2 dr 
i.e. k4 = = ^2 from (b) 



TR 
R oJ wrdr 



Hence, the resultant centrifrigal and inertia forces act through the same 
point, i.e,y at a radius equal to k2 R which is the blade centre of percussion. 

6. FUNDAMENTAL EQUATION DEFINING EQUILIBRIUM OF BLADE 

ABOUT FLAPPING HINGE. 

This relationship is obtained by considering the equilibrium of the 
blade about its flapping hinge. The couples acting on the blade in the 
flapping plane are added algebraically and equated to zero. The directions, 
of all the couples are constant except the inertia couple which acts in opposi- 
tion to the lifr couple while the blade is being accelerated upwards and 
with the lift couple when the upward motion of the blade is being retarded. 
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The inertia couple is taken as — ^ve and +ve respectively when it acts widi 
and against the lift couple. Taldng moments about the flapping hing^ it 
follows that : — 

ML-Mwj,-Mcp-I^0 = O- 
From basic relations (iii) and C 

ML-Mwb-:::?Mwj^k2Rsin^o-MWbk2R^o _o 

g - 



gcos/^o 



i^.y from basic relations (viii) and (x) 



Wb 



= kj cos I^Q 



J ^ k2 ( .^R)^ sin jgp _^ k2 R '^p 
gR g cos Pp 



lA 



The axial component of lift = L cos fi^. 

Let g = Axial Component of lift. 

Blade Weight 
so it follows that 



Lcos^Q 



= kj cos^ ^^ 



"^ k2 sin ^o (<uR)2 k2R)go 
gR g cos /^o 



.. . 1 



It will be observed from equation 1 that the axial component of lift 
froni a particular rotor running at constant ••* R can be defined alone by 
constants, coning angle and blade acceleration in the flapping plane. Since 
blade acoderation is a transient condition the ratio g* may be considered 
within the limits of two conditions, viz. : — 

(a) with respect to fi^ alone 

and (b) with respect to fi^ and ftp. 

Consideration of (a) will lead, among other things, to the choice of 
coning angle which will result in maximum useful load ; also, from con- 
dition (a) the acceleration imposed on the aircraft when the lift coefficient 
is changed slowly may be calculated. Consideration of (b) will show the 
effect of sudden change in lift coefficient on the normal acceleration ex- 
perienced by the aircraft. 

7. CONING ANGLE FOR MAXIMUM AXIAL LIFT WHEN '^q = O. 

This is the condition when the blade has been accelerated to a coning 
angle (fij^S) at which the flapping acceleration is zero and the resultant 

axial force- acting on the aircraft is a maximum. This condition might 
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arise, say, if C^ momeiitarily inoeased and the blade coned and 
itself at a new angle without appreciable loss in rotational speed. 
When ^0 = equation 1 becomes 

Sp^ = Lcosfio _ k2 cos2^o f 1 + ^2 ^"^o ("R)^ 



k3 L A J 



Wb k3 L gR 



The value of SPq ^^ defined is a ntaximum when 



_2+V%+12pl^T 

sin^Mi = L^-J- 2, 

1 6 k2 (»R)2 

gR 

Consideration of equation 2A shows that to a dose order of ai^rozi- 
mation fij^ . is constant for all rotor sizes and tip speeds in which we are 

likely to be interested, Le., 

sin/3Mi = ^ or^M = 35« 

6 

This means that any helicopter rotor is giving its maximum axial lift 
when coned at an angle of about 35". This point may best be illustrated 
by an exaggeration, i,e.y a helicopter which can just lift itself when the rotor 
is coned to 35" can never carry more load because ftirther increase in coning 
angle will not result in any increase in axial lift. It should be noted that 
35" is not the best coning angle from the viewpoint of carrying maximum 
useftil load — see para. 9 ; ftirther, the power required to drive a rotor coned 
at 35" WQiild be excessive. 

The actual values of fi^ are dependent on the constants k], k2 and 

k3, and will vary as between blades of different design. It is thought, 

however, that these constants cannot vary greatly between different designs ; 
also that the general relationship may be studied by assuming the following 
mean values for these constants : — 

ki = 0-42 
ko = 0-56 
k3 = 0-72 

Using these assumed values for the constants the relationship between 
Spo and )9q, as defined in equation 2, are plotted in Fig. 3 for various values 
of (u> R) and radius (R). The depreciation in S/3q as the size of the rotor 
increases and as ui R and coning angle decrease is apparent from this figure* 
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8. RELATIONSHIP BETWEEN THE BLADE WQGHT/AIRCRAFr WEIGHT 

RATIO, 0) R, RADIUS AND CONING ANGLE. 

This relationship is derived from equation 2, which is the genenl 
equation relating blade weight to axial lift. 

Since aircraft weight ocL}{ cos ^9 }{, it follows that : — 

k3 



Wb ^ - 



[' 



gR 



(o*)2l 



To a close order of approximation 



W kj k2 cos2 j8jj sin % (uiR)2 3a 

Usins the previously assumed values for the constants k|, k2> kj, 
expression 3A becomes 

90-8 R 



Wb 
W 



cos^)8jj sin Pn (wR)- 



3b 



Expression 3B is plotted in Fig. 4 for various values of R, Pn and 
(wR). It will be observed firom this figure that economy in the Wb ratio 

W 
18 achieved by working to large hovering coning angles and high tip speeds. 
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It is of interest to note from Fig. 4 that, if it Were feasible fiom con- 
structional considerations to build a blade of any size for a Wb ratio of, 

W 

say, 6%, and, if forward speed set a limit of, say, 600 ft. /sec. to rotational 
tip speed, then 

(a) the economical limit of rotor size would be 86 ft. when ^{j is 1 1 °, 

and (b) the economical limit of rotor size would be 48 ft. when fin is 6"". 

The above follows, since larger sizes necessitate an increase in the Wb 

ratio above the 6% figure. W 
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9. 



BEST HOVERING CONING ANGLE FROM VIEWPOINT OF 

WEIGHT ECONOMY. 



While expression 3 enables a study to be made of the effect of change 
in certain variables on the blade weight /aircraft weight ratio, it does not 
suggest what the hovering coning angle should be in order to achieve a 
high useful load. If we take toy helicopter, and if we lighten the blades, 
but change nothing else except the payload, it follows that there must be 
some coning angle at which the payload is a maximum, because : — 

(a) on the one hand, we are saving blade weight, pan of which 
can appear as increased payload. 

and (b) on the other hand, we are reducing the all-up-weight because 
we have not materially changed the length of the resultant 
lift vector, but we have given it a greater incUnation and hence 
a smaller axial component which must result in a decrease 
in payload. 

Hence, for constant engine power, increase in hovering coning angle 
has a twofold effect, namely, blade weight comes down, but so also does 



je 
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the all-up-wdght. It follows, then, that in order to achieve maTimiim 
weight economy the hovering coning angle should be so chosen that the 
difference between the all-up-weight and the sum of the blade weig;hts is 
a maximum, i.e.y 

W^ = W — zWj, should be a maximum. 

The coning angle which will satisfy this condition will obviously be 
dependent on what happens to the length of the resultant lift vector when 
the coning angle changes, but the rotor power does not. Because it would 
seem a reasonable assumption to make, and in the absence of more reliable 
information, the above argument is continued on the basis that the length 
of the resultant lift vector is constant for constant rotor power at all hovering 
coning angles in which we are likely to be interested. 

Since, 

Wa = W — zWb 

and W = zL cos % and Wb = Wg k3 R 

fy ^ ftom 3a 

kj k2 cos^fin sin j8jj (wR)^ 

[2g k3 R T 
cos )5h — o I 4 
'^^ ki k2 (u>R)2 sin2/iH J 

The value of fin which results in a maximum value of W^ can best 

be obtained graphicaUy from equation 4. This is done in Fig. 5, using 
the previously assumed values for the constants kj, k2> and k3, and various 

values of R and (wR). The optimum hovering angles fiom the weight 
viewpoint thus obtained are included in Fig. 3,ftom which it will be observed 
that :— 

(a) for any given rotor, increase in uiR results in a decrease in the 
value of best hovering coning angle from the overall weight view^ 
point. 

and (b) for any given <i>R, increase in rotor size results in an increase in 
the value of the best hovering coning angle ftom the overall weight 
viewpoint. 
A typical figure for the optimimi hovering coning angle is 1 1° when R 
is 23 ft. and (»R is 600 ft. /sec. 

10. LOSS IN USEFUL LOAD WHEN A HOVERING CONING ANGLE OTHER THAN THE 
OPTIMUM FROM THE WEIGHT VIEWPOINT IS ADOPTED. 

Consider the case when the helicopter blades are replaced by ones of 
like aerodynamic properties and mass distribution, but of different weight. 
Let the engine, transmission system and fuselage be unchanged. The 
power available at the rotor will then be constant, but the coning angle will 
change because of the change in blade weight. 

On the grounds of the argument outlined in para. 9 there will be a 
best hovering coning angle from the viewpoint of achieving a maximum 
value of W^. Since nothing in the fuselage is altered this best hovering 
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angle will result in a maxifniim vahie of useful load. Again, if a coning 
ai^e other than the best is chosen, W^ will decrease by an amount which 

must be subtracted from the useful load. 

Let Pn^ be the best hovering coning angle, i,€,y the value of fin which 
gives the maximum value of W^ is defined in equation 4. 

Let the maximum value of W^ be W^ (max.). 

Let the maximum useful load be Wu (max.) = xW^ (max.). 

Let the hovering coning angle adopted be fin 

Then the ratio of the useful load achieved to the maximum usefiil 
load is 

^ _ ^^A (max) — (^A (Max) — ^a) 

^u (max) xWa (max) 

or, 6rom equation 4. 



Wu 1 f ki k20.iR)2 cos )8h — 2gk3 R cosec 2^^ 



Wu (max) X 



kj k20«'R)2 cos fin — 2gk3 R cosec 2%- 



+ x — 




In order to examine the variation in the W^ ratio with hovering 

W^j (max.) 

coning angle, equation 5 is plotted in Fig. 6 for rotors of 23 ft. and 30 ft. 
radius running an wR of 600 ft./sec. The values of the constants kj, k2 

and k3 are as previously assumed and the maximum useful load achieved at 

the optimum hovering coning angle is taken as 0*25 W^. It will be observed 

that under these conditions, which approximate to typical modem practice, 
and when R is 23 ft., the Useful load at a 6° hovering angle is 94% of what 
it would be at the optimum hovering coning angle which is ll"". At a 
hovering coning angle of 4° W^ drops to about 80°;,. 

Wu (max.) 

11. RELATIONSHIP BETWEEN HOVERING CONING ANGLE AND 

LIFT COEFFICIENT. 

It will be appreciated that it is essential for the operator to be able to 
apply lift coefficients greater than the normal hovering lift coefficient for 
the purpose of catering for growth in all-up-weight, enabling the aircraft to 
accelerate, and to compensate for decrease in air density with increase in 
altitude. It is of interest to enquire what the relationship between coning 
angle and lift coefficient is under conditions when the blade has no accelera- 
tion about its flapping hinge, e.g.^ say, when the all-up-weight changes. 
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This may be done as follows : — 

From rekdonship (vi) of para. 5 it follows that 

L cos ^o « Cl cos3 /Jq & Lh cos ^h « ^Lh '^^ ^H 

From equation 2 

L cos So oc cosX I gS 1 

™Jo r 1 + k2 sin /Sh(..R)2 "1 
& Lh cos Sh « cos^^H I -^ ^ " I 



^L _ cos % 
^Lh cos j8o 



1 + kj sin ,3o(.R)2 



1 + k; sin |3h(.R)^ 

|R 



Since at normal hovering coning angles die couple resulting from blade 
weight is small compared with the ccntrifiigal couple, the expression may 
be simplified to a dose order of approximation thin : — 

Cl nmS„ 

f^ — ;;— OA 

Clh lan % 
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12. RELATIONSHIP BETWEEN AIRCRAFT NORMAL ACXZLERATION 

AND BLADE UFT. 

In determining the influence of blade lift on the axial acceleration 
experienced by the aircraft it is desirable to consider the two conditions 

■ • • • 

mentioned in para. 6, i.e.y |3q = O and ^q real. The first condition deter- 
mines the aircraft axial loading when the blade has no acceleration about 
the flapping hinge but is displaced to some coning angle ^q greater than ^n^ 

The second condition determines the aircraft axial loading while the blade 
is being accelerated from ^n to ^q. If the acceleration is of sufficient 

magnitude the blade will exceed ^q momentarily by an amount which may 

be sufficient to give rise to momentary accelerations appreciably in excess 
of the values determined by considerations of Pq = O. 

In case (a) under, the case when |3q = O is considered ; in case (b) 

under, the effect of making ^q real is investigated. In both cases it is 
assumed that there is no loss in (o during the manoeuvre. 

Case (a) when Pq = O. 

• ■ 

Let Nfl = vertical load factor when pQ = O. 

Let L cos Pq = axial component of blade lift. 

Let L^ cos Pn =^ axial component of blade lift during hovering. 

Np„ = "^^^o = iL^ from relation (vi) of paragraph 5 
Lh cos Ph Clh cos3 3h 



9 o r , ko sin So(...R)2 1 
= cos2p„ [l+ ^ ^^' J 



from eqim. 2 



Hence, 



For any given value of pjj the equivalent value of Pj^ can be found 
from 6A provided the ratio Cl-. is known. Also, the most economical 

value of fill can be found from equation 4. 
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When <i>R = 600 ft./sec, R = 23 ft. and the constants are as before, 
the most economical hovering coning angle is shown in para. 9 to be 11^. 
If Cx^_ is taken as 3, then, from equation 6A, pj^ is 30"^ and, from equation 

7A, Ng (max.) = 2*0. If the hovering coning angle is changed from 11^ 
to 6° the equivalent value of No (max.) is 2*6. The relationship between 
No and p^ is shown graphically in Fig. 7 for the cases when ^n = 6% 
Ph = 11°> ^Lm = 3, R = 23ft. and o,R = 600 ft./sec. 

Case (b) when fi^ is real. 

When the blade is being accelerated about the flapping hinge it will 
be seen from Fig. 2 that the axial lift component is 



(-1) 



cos p- 



Hence, the axial load Victor N 



(-4) 



w 



cos po '"^ 



From expression lA. 

^ cosPpg / kjiL _ J _ k2 sin M'-'R)^ ^ - 8B 
Po k2R y Wbki cos po ^ J 

By substituting the value of p^ defined by 8B in equation 8A, it nuy 
be shown that 

LcospQ _ " w k2 
W 1 - k3/k2 

Since, from equation 2, 

Wb^Po = ^<^<»Po Np^ 
W W 

and since, 

W«LhcosPh-CLhcos3Ph 1 from relation (vi) 
&L cospo-^L cos3pj> J of paragraph 5 



TV 



it follows that 

Cl cos3 P^ N - Npo k3/k2 



I.e. 



CLh cos ^Ph ^ ^ ^^^2 

^L cos^ 3o / Ct cos3 3^ . _ \ 

N = Ct ^ cas3 Q^ - ^^3/^2 ( ^7^^ T^ - ^Po ) " « 

^H «>s^ PH \ ^Lji cos^ pji / 

In equation 8 C^ denotes any change in lift coefficient which the 

operator chooses to select instantaneously at any coning angle p^ and is not 

necessarily the value, defined by equation 6, required for static equilibrium. 
Also, in equation 8, Ng is the load factor imposed on the aircraft by virtue 

of coning angle alone, t .e., as defined by equation 7. The above may be 
followed more clearly by assimiing that during hovering Cj^^ is suddenly 

increased to C^^ Then the instantaneous value of N becomes 



•'"ft-^'Kc^-O 



However, as the coning angle increases to some angle pQ greater than 
Pu because of the blade's upward acceleration about the flapping hinge, 
the axial load factor becomes : — 



^L]^ cos^ 

N = 



^H V ^Lh cos^ Ph ^^ 



^Ljj cos^ pjj 

where No . . n . . - ^ 

Ho IS as defined by equation 7. 

Using our usual assumed values for the constants and a C^w ratio of 3, 

the relationship between N and Pq, as defined by equation 8, is plotted on 

Fig. 7. 

Also plotted on Fig. 7 is the relationship between ^pQ and pQ, as defined 

by equation 7. It wiU be seen from Fig. 7 that at coning angles less than 
Pj^ sudden increase in blade lift may give momentary relief to the aircraft 

as compared with the case when the increase in blade lift is made slowly. 
The extent of the relief is dependent on the relative positions of the blade 
centre of pressure and centre of percussion (k3). When the blade overshoots 

the equihbrium position and is being retarded there may be an increase in 
axial loading caused by the reversed sense of the inertia term. In order to 
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detennine the maximum value of N it is necessary, then, to determine 
if the expression 8 reaches a maximum before or after the blade has 
reached its maximum angle of flap resulting from acceleration. 

The maximum coning angle resulting from acceleration may be obtained 
by equating the gain in kinetic energy of the blade diuing acceleration about 
the flapping hinge to its loss in kinetic energy diuing retardation. 

In general terms the gain in K.E. is ^I^q^. 

From expression lA 

8 Lf ^3LW _ k2 cos Po sin Po ("*)2 \ 

From the fundamental relationship between velocity, distance, and 
acceleration (i.e. p^^ = 2?^^^), 

P2 



Po2 = 2 



?1 



Po'lPo 



(a) 



Obviotisly, Pq = O when p^ — pjj and p^ is a maximum when Pq = Pj^^ 
Hence, since WaCLTj cos^ Pjj. 



KE(max.) = WfaklR 



PhJ 



Cm/ k3CLCos2poW 
ViClh cos3 Ph Wb 



- cos Po - 



k2 cos 



Po sin Po (■.R)2 \ ^^^ 
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Let tiie blade reach a mariTnnfn coning angle during retardation of pp 
whidi is greater than ^j^. Then the loss in blade K.E. 



Po'«Po 



PmJ 



Equating the energy gain to the energy loss it follows that 
^S^Cl (Pf- Ph + i («•> 2 pp -sin 2 Ph)) + sin Ph - "" Pf 
2kiWbCLHCOs3PH 

+ k2(-R)2 (cosZpp - cos 2pH) =0 9. 

When Cl = 3, Phi = ^1% »R = 600 ft./sec., and R = 23 ft., it 
X — ' follows from equation 3 that W/Wj^ 

Lh ^ 33, and equation 9 becomes 

Pp + i sm 2Pp + -765 cos app = 1089, — 9A 
which is satisfied when Pp = 60°. 

When Cl = 3» Ph = *"» "R = 600 ft./sec., and R = 23 ft, it 

follows frmn equation 3 that W = 17, and equation 9 beonnes 
Wb 
pp + 1 sin 2 Pp + 1-57 cos.2 Pp = 1*739 — 9B. 

which is satisfied when Pp = 30°. 
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By comparing the above values of Pp with Fig. 7 it will be seen that 
the maximum values of N are 2*2 and 4 when Ph ^^ ^ ^"^ ^^^ ^° respectively. 

Thus, it can be concluded that the effect of not working to the optimum 
blade weight is twofold since, in addition to loss in useful load, the aircraft 
is liable to experience higher normal accelerations for the same value of the 
Cl ratio. 

13. RELATIONSHIP BETWEEN TIME, ROTOR ANGULAR DISPLACEMENT 

AND ANGLE OF FLAP. 

It is of interest to know the order of the time taken for the blade to 
move from its equilibrium position at one value of C^ to its equilibrium 

position at another. 

The fundamental relationship is 

• • •• 

Po = Px t 
where Px is the average acceleration over the angular displacement from 

the blade's position of rest to the position when the velocity is ^q. 
Hence, 



P2-P1 

and using relation (a), on page 20, 
t = Vpj|'P2 po d Po (P2 - Pl2) 

Plf^podPo 



1^.1 



V 2 (P2 - Pi) 



t = 



^ PlJ Po 



dp- 



Hence, in general terms, the time taken for the blade to move from coning 
angle Pj, to coning angle ^ imder acceleration ^g as defined by equation 

8B is 

V~2 (P2 - Pi) 

V_g^ p3WCL(P2-Pl+i(sm2P2-sin23l)) _^.^^^^^.^3^_^ 
^2^1 2 ki Wb Clh cos3pH 

k2(«»R)2(cos 2P2- cos 2^1)1 
4^^ J - ''^ 
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If the number of revolutions made by the rotor in time t = n, then 

n = o~ ^^ 

where t is as defined in equation 10. 

Using relations 10 and 11 it follows that when P] = ^h ^ ^^^> when 

p2 = Pm = ^°' when = — = 3, a,R = 600 ft./sec., and R = 23 ft., 

the time taken for the blade to move from the hovering coning angle to 
Pj^ is about 0*06 sec, and the corresponding angular rotor displacement 

is about i REV. The equivalent figures when Pj = 6° and P2 = ^^ arc 

0*08 sec. and ^ REV. respectively. The effect of air damping is neglected 
in the calculations and this wiU lead to a slight underestimate of t and n. 



PART 2. 

14. PROBABLE RELATIONSHIPS BETWEEN ROTOR SIZE, MAXIMUM USEFUL 

LOAD AND PERCENTAGE USEFUL LOAD. 

It is obvious that the total load which any blade can support is the 
vertical component of its axial lift, i.e., L cos Pq 

In the hovering case the vertical component of rotor axial lift 
zLjj cos Pjj) must overcome the weights of the various parts which con- 
stitute the aircraft, i.e., the blades, transmission, engine and power plant, 
airframe, tail rotor (if any), crew weight and useful load. If we knew how 
all these aircraft pans except useful load varied with rotor size we could 
equate them to Ljj cos ^jj and study the variation in useful load with 

rotor size. Since we do not know exactiy how these quantities vary with 
rotor size it is necessary to assume possible ways in which they might vary 
and in the following treatment this is done in the belief that, even should 
the assumptions be wrong, the overall method adopted is correct and therefore 
capable of application when reliable data about component weight variation 
with rotor size are available. 

Let us now consider what the various inajor aircraft components are 
and how they might vary with rotor size if, say, we keep the disc loading 
and tip speed constant. 
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MAJOR COMPONENT. 



ASSUMPTION. 



«^Ti = 



That part of the trans- 
mission the weight of 
which must be depen- 
dent on rotor torque. 



^To = 



that part of the trans- 
mission the weight of 
which can be made in- 
dependent of rotor 
torque. 



I7£ = engine and power plant. 



Part of the transmission must run at 
rotor speed, while the speed of the 
remainder of the transmission can be 
varied by suitable gearing to counter 
torque and weight increase with growth 
in rotor size. The manner in which the 
weight of the transmission running at 
rotor speed varies with varying rotor 
radius is not very dear, however, there 
seems to be an indication that .Wf . 

^ 

W 

varies as the square of the rotor size. 
In the absence of more complete data 
this law will be assumed, but the limi- 
tations of the basis of the assumption 
should be borne in mind when examin- 
ing the results which the expressions to 
be derived will show for useful load and 
percentage useful load. 

Part of the transmission need not run 
at rotor speed and hence need not be 
subjeaed to rotor torque because 
angular speed variation can be used to 
counter growth in torque and weight. 
In the absence of more accurate data, 
Wf ^ is assumed to be constant for all 

"W" 

values of rotor size. 

W£ is dependent on the power require- 
ments of the rotor and the power /weight 
ratio of the engine. For constant tip 
speed and disc loading the power 
requirements of the rotor may be shown 
to be proportional to the aircraft weight. 
Hence, since the power /weight ratio of 
conventional engines is more or less 
constant, Wg can be taken as constant 

for rotors of different size, but having 
the same tip speed and disc loading. 
W£ is then assumed to be constant 

"W 

when the tip speed and the disc loading 

are constant. 
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MAJOR COMPONENTS. 



ASSUMPTIONS. 



Wp 



= aiifi:ame, including lan- 
geaf, furnishings. 



etc. 



W}) = Main rotor blades. 



W 



bp = Tail rotor blades. 



W. 



Crew weight. 



W 



u 



= Useful load including 
fuel, oil, freight, pass- 
engers, but excluding 
crew. 



(coR)2 



For any given configuration, Wp is 

likely to be proportioned to the all-iq>- 

weight. 

Wp is then assumed to be constant. 

W 

W}) has been studied in Part 1 of this 

paper and it is shown in equation 3A 
that W}) is proportional to R for 

"W 
constant coning angle. 

^bj will vary with R because the li 

required from the tail rotor blades 
vary with the main rotor torque in order 
to achieve balance. Exact treatment 
would show W)yp to obey a law similar 

"W" 
to equation 3. However, in practioe, 
the tail rotor usually operates at such 
a low coning angle that any weight 
increase could be o£^ by a sli^t 
increase in coning angle. Hence, tt b 
assumed that W^^ can be regarded as 

"W" 
constant for all values of R in which we 
are likely to be interested. 

W^ is charged to the aircraft tare weight 

because this weight cost must be met 
before the aircraft can be operated and, 
hence, it is as much a part of the aircraft 
as any other essential component. W^ 

will .not vary with rotor size, but will 
depend only on the number of crew 
members carried. Hence, W^ can be 

taken as constant if we assume, say, 
only one crew member. W^ however, 

IS not constant. ^ 

Wu=W-Wtj-Wt2-We-Wp- 

W()— Wjw,— Wq 



Now, 

28 



W=Wtj + Wj^+Wp+Wp + Wb + Wiyj, + Wc + Wu 12 
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On the basis of the above assumptions, equation 12 may be le-written 
thus : — 

Vu = 1 - (Wt2+We+Wf+Wi^)_ CiR2 _ CjR _ ^c _ 
W W (^ xR2dL 

„dW„ -.2n.r'- <^T,+WH+Wp+W^ .C,K2_^ 3_._ ^^ 

^ L w (i-Rr »r2dlJ 

idieie Cj and C2 i^re constants. 

From 12A, it will be observed that the ratio W^ has a turning value 

which can best be obtained by using the appropriate values of the constants 
and plotting the ratio against the variable R. 

From equation 12B, it can be shown that for constant a>R and DL, 
W^ is a maximum when : — 



(«R)2^ l(«R)2J ^ 1 ^ J - 



12c 



8C1 



In considering equations 12A, B and C, in the light of the assumptions 
made above, it will be observed that Wg is only constant when the tip speed 

W 
and disc loading are constant ; also, in deriving the expression pn has been 

assumed constant. Hence, general deduction by the application of a set of 
numerical values for the constants in these equations is not possible. 
However, for a given set of values for tip speed, disc loading and hovering 
coning angle Wu and W^ can be calculate. This has booi done for an 

IT 

ordinary commercial type helicopter designed to achieve a top speed of 

about 150 m.p.h. and having a disc loading of 3 Ibs./ft.^, a tip speed of 
600 ft. /sec., and hovering coning angles of 6'^ and ll*'. The results are 
shown on Fig. 8 and are based on the following values for the constants : — 

Wf- 1.54 

* = 8% when R is 23 ft., which results in a value of Ci = — 7^ 

W * 10* 

Wto + We + Wp + Wb^, 

f ^ - 0-6 

W 

Wf) = 6% when cuR = 600 ft./sec. and R = 23 ft., which leads to a value 
W" of C2 = '^^ when pn = ^"^ ^^ 657 when pn = IT. 

Wc = 200 lbs. 
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It will be observed that the following results are obtained for our 
commercial type helicopters having one crew member, a disc loading of 

3 lbs./ft.2 and an <k>R of 600 ft. /sec. :— 

(a) (i) Rotor size for maximum useful weight lifted 

when Cj -= 945 (Ph = 6^ = 60 ft. dia. 

(ii) Equivalent usefiil load == 1,350 lbs. 

(iii) Equivalent aircraft weight « 8,460 lbs. 

(iv) Equivalent percentage useftil load » 15*9% 

(b) (i) Rotor size for maximum useftil weight lifted 

when C^ = 657 (Ph = ^H - 64 ft. dia. 

(ii) Equivalent usefiil load = 1,560 lbs. 

(iii) Equivalent aircraft weight = 9,700 lbs. 

(iv) Equivalent percentage useftil load = 16'2% 

(c) (i) Rotor size for maximum percentage usefiil 

load when C2 = 9*5 (pn = 6^ = 35 ft. dia. 

(ii) Equivalent percentage useful load = 24% 

(iii) Equivalent aircraft weight «^ 2,900 lbs. 

(J) (i) Rotor size for maximum percentage usefiil 

load when C2 = 657 (Ph = 11°) = 36 ft. dia. 

(ii) Equivalent percentage usefiil load = 25% 

(iii) Equivalent aircraft weight = 3,100 lbs. 

It should be noted that the usefiil load relationships (W^) shown in 

Fig. 8 are largely dependent on the value of the constant Cj. Since this 

constant reflects the weight penalty in the transmission, the curves are only 
meant to be applicable to machines of conventional design and are not 
applicable to aircraft of the type in which power is supplied fix)m jets at 
the blade tips. One would expea the maximum useftil load to be obtained 
with a larger diameter rotor with tip jet blades because of the simplified 
and lighter transmission. 

It should be noted also that the maximum value of the percentage 
usefiil load relationship is dependent on the crew weight charge ; so also 
is the equivalent value of rotor size. 

While the above assumed quantities influence the numerical results 
obtained they do not influence the method used which presumably will 
be capable of greater accuracy when more design information on the constants 
becomes available. 
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15. 



Conclusions. 



The broad conclusions arrived at and outlined under are based on the 
assumptions made and given in paragraphs 4 and 14. 

(a) The coning angle at which the component of axial lift is a maximum 
is approximately BS"" and, within all practical considerations, is inde- 
pendent of rotor diameter and tip speed. 

(b) To a first order of approximation the ratio of blade weight to aircraft 
weight is proportion^ to the rotor radius, inversely proportional to the 
tip speed squared and inversely proportional to the product of the sine 
and cosine squared of the hovering coning angle. While maximum 
economy in blade weight is obtained by adopting the largest possible 
coning angle it does not follow that very large hovering coning angles 
result in maximum useftil load. 

(c) For any given lotor to achieve maximum useftil load, a compromise 
must be struck between the saving in blade weight and the loss in the 
total axial component of lift (aircraft weight) as the coning angle in- 
creases. On the basis that, for constant rotor power the length of the 
resultant lift vector is independent of hovering coning angle, optimum 
hovering coning angles ftx)m the weight viewpoint can be calculated 
for all rotors. 

These angles 

(i) will decrease if oiR is increased and size is kept constant ; 

(ii) will increase if the size of the rotor is increased and a;R is kept 

constant. 

On the above basis, a typical figure for the optimum hovering coning 
angle is IT when R is 23 feet and oiR is 600 ft. /sec. 
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(d) The values of maiimiim pircraft axial acceleration impoaed by an 
articulated rotor system are dependent on the relative positions of the 
resultant blade lift veaor and the centre of percussion of the blade, 
and are a minimum when the centre of lift is as far inside the centre 
of percussion as possible. If the optimiim coning angle for usefiil load 
is chosen (see (c) above), a sudden increase in blade lift coefSdent of 
200% results, for blades having the assumed positions of centre of 
gravity, centre of percussion \ind centre of resultant lift, in momentary 
maximum axial accelerations of about 2 g when oiR is 600 ft. /sec. and 
R is 23 ft. The maximum momentary a^e of flap is about 60"^ and 
the blade equilibrium position at maximum Cj^ is 30"" 

If a weight penalty is paid in the blades and a coning angle of, say, 6** 
adopted during hovering the equivalent momentary'acceleration is 4*0g. 
The maximum momentary angle of flap is SO'' and die blade equilibrium 
position is IS'' at maximum C^^. It follows that the eflfea of not 

adopting the optimum coning angle is twofold since, in additicm to 
losing usefiil load, the aircraft is liable to experience a higher axial 
acceleration for the same increase in lift coefficient. The heavier rotor 
will, however, make the aircraft more manoeuverable. 

(e) The time taken for the blades to move fix>m one position of equilibrium 
to another when the blade lift is changed is very short. For rotors of 
the type with which we are fomiliar the time taken for displacement 
from die hovering coning angle to the coning angle contsponding to 
maximum Cj^ is shown to be less than 1/lOth sec. if the eflfea of air 

damping on the blade is ignored. 

(/) There would seem to be limits to the sizes of rotors and these limits 
are dependent on the tip speed, hovering coning angle, disc loading 
and the structural efficiency of the aircraft design. On the basis of 
very limited experience and on the assumptions that the tip speed is 

600 ft. /sec., the disc loading is 3 lbs. /ft. ^ and 200 lbs. of crew weight 
is charged to each rotor, 

(i) the rotor size for maximum percentage usefiil load appears to be 
about 35 ft. dia. and the equivalent values of percentage usefiil 
load and aircraft weight are about 24% and 2,900 lbs. respectively ; 

(ii) the rotor size for maximum usefiil load appears to be about 60 ft. 
dia. and the equivalent values of percentage usefiil load and aircraft 
weight are about 16% and 8,500 lbs. respectively. 

The above values assume a single rotor configuration and part of the 
ratio of the transmission weight to the aircraft weight to vary as the square 
of the rotor radius. Since the latter assumption can at best only approximate 
to the truth, the valu^ quoted above should be regarded only as indicating 
the possible order of things, rather than absolute quantities. Further, they 
are not relevant to jet dnven blades. 
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Mr. O. L. L. FrrzwiLLiAMs' Vote of Thanks to Mr. McClements. 

Mr. Chairman, Fellow Members and Guests, — I have accq>ted with 
pleasure our chairman's invitation to propose a vote of thanks to Mr. 
McClements for the lecture he has just given us. I had expected to 
refer to him as reading his paper but I would like to call your attention to 
the rather extraordinary &ct that this, the most difficult paper to which 
we have listened, is the first which has been presented without actually 
being read. 

In any case it is obvious that Mr. McClements' presentation of his 
lecture is the culmination of a long and painstaking effort, and for this 
he is certainly entitied to our fullest thanks. But he is ailso entitied to 
the thanks of everybody else interested in rotating wings, because he has 
presented a subject of fimdamental importance in a manner which ensures 
that the major part of his paper will be included in all future text books 
on the design of rotating-wing aircraft. 

Moreover Mr. McClements has today played a star part in an occasion 
of great significance in the development of our Association. 

For one thing, we have today listened for the first time to a paper of 
a specifically research nature, and by this I mean an original essay in pure 
knowledge, conceived and executed for the purpose of study, as distinct 
from the more usual kind of lecture which is generally an account of past 
thoughts and actions, mostiy undertaken to overcome practical difficulties. 
It is hardly necessary for us to be reminded that the influence and prestige 
of a professional Association such as our own, must depend at least partiy, 
on the ability of its members to produce, to understand and to use the essays 
of this kind. 

Secondly, our Association is not only a convenient meeting place for 
old friends, it is also a sounding board for the knowledge and perhaps 
more important, the personalities of its members. 

Mr. McClements, like most of us, is relatively unknown by comparison 
with our previous lecturers, all of whom had world-wide reputations even 
before the War. In speaking this afternoon, he has fulfilled an important 
object of our Association in introducing himself to us and, through our 
Journal, to the world, as a new figure in the field of rotating wing aircraft 
development and also as an encoiiraging example of the persistance and 
ability upon which we base our confidence in the future of rotating wings 
in Great Britain. 

IVlAC. has done us a gr^t favour and I know that I have your support 
in offering him our thanks. 
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Aiembeis who were fortunate enough to be able to atKnd the Asao- 
datiai's Meeting on January 24ih were rewarded by a most iUununating 
lecture on American Helki^ter DevekqAnent, delivered by MAj<Nt J. C 
SiLTANEN of the U.S.A.A.F. 

Major Siltanen is here in the capacity of Air Technical Liaison 
Officer K> the U.S. Military Attache in London ; in America he was engaged 
on work with the Rotary-wing Branch at Wright Field, being closely con- 
cerned with the military development of Sikorsky Helicopters. 

The lecture took the form of an informal discourse illustrated by many 
interesting slides, most of which have since been published in the Aeronautical 
Press, receiving due credit. In token of the esteem in which we hold Majw 
Siltanen, the Council have elected him an Honorary Member during his 
term of office in this country. 
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Introduction bv J. A. J. Bennett, d.sc.j f-r-acs. 

I have accxpted with pleasure the Chflinnan's request to introduce our 
lecturer this afternoon. It is twelve years ago since Ms. Squire proved 
himself to be a worthy successor to the late Mr. H. Glauert at the Royal 
Aircraft' Establishment in analysing tlie basic aerodynamic problems of the 
helicopter. The wort: of Glauert had been confined to vertical flight and 
b> horizontal flight with the rotor axis vertical (like that of the Gyrodyne). 
Mr. Squire extended the analysis to the flight of a helicopter in which the 
propulsive force for horizontal flight was obtained by a forward inclination 
of the rotor axis. The classic report by Mr. Squire on this subjea was 
studied closely by the Sikorsky organisation and was put into practical 
effect a few years later in the well-known Sikorsky designs. 

Mr. Squire is recognised as the leading aerodynamicist on helicopters 
in this country and is Chairman of the Helicopter Committee of the Aero- , 
nautical Research Council. We are all looking forward to hearing ftom 
him this afternoon on certain aerodynamic problems of the helicopter which 
have remained a mystery to most of us until now. 

Mr. H. B. Squire. 

This lecture is concerned largely with the velocities induced by a 
helicopter rotor due to the aerodynamic forces on the blades and the influence 
of these velocities on the stability of multi-rotor helicoptets. These questions 
are likely to become more important in the future than they are today and 
an tmderstanding of them will help to elucidate some of the outstanding 
problems of the helicopter. 

lUiHIntioni ir 



The Velocity Field of a tUnok. 



GENERAL. 

The helicopter ootor provides the lift which supports the wei^t of tbe 
iy and to do this it must transmit momentum to the air in a downwards 
direction. In general, the rotor axis is inclined to the vertical and the roCoc 
thrust is inclined forwards. Further, to obtain a horizontal component of 
the thrust air must be accelerated backwards. Thus we see that the air 
passing through the rotor is directed backwuxis and downwards as a direct 
consequence of the existence of the rotor thrust (Fig. 1). This extra speed 
which the air acquires is called the induced velocity. 
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Fig. I. 
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The order of magnitude of this induced velocity can be estimated purely 
from considerations of the conservation of momentum but the calculation of 
the exaa distribution of induced velocity is a complicated problem. I should 
therefore show that this is worth doing before I proceed to describe the 
results of our recent work. The justifications for such an investigation 
are : — 

(1) Analogy with allied aerodynamic problems of wing theory and propeller 
theory, which have progressed very far, suggests that detailed theories 
would be useful also for rotors. 

(2) Elaborate theories of blade nfotion have been constructed based on 
crude assumptions as to the induced velocity distribution over the 
rotor disc : a better method of calculation of the induced velocity 
distribution would enable the blade motion theory to be more soundly 
based. 

(3) The advent of the multi-rotor helicopter has shown that we need to 
know the induced velocity in order to odculate rotor interference eflfe^. 



ORIGINAL INVESTIGATIONS OF GLAUERT AND LOCK. 

It is well worth while to study the original investigations of Glau^^ 
and LocK^ on the autogyro, both from their historical interest and practiod 
applicability. Glauert introduced the physical principles which are stiU 
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used but a number of difficulties remained, some of which were cleared up 
by Lock in his subsequent investigation. Two^major assumptions were 
introduced by Glauert to enable him to carry through this analysis. These 
were : — 

(1) Induced velocity. — ^He assumed for the major part of his investigation 
that the induo^i velocity associated with the rotor lift force is uniform 
and directed along the axis of the rotor. Some of the consequences of 
assuming that the induced velocity varied linearly from front to rear 
of the rotor were also considered ; this latter kind of induced velocity 
field might be expected from wing theory which suggests that upwash 
would be present at the front of a rotor and downwash behind. But 
there is no simple way of specifying the fore and afr variation of the 
induced velocity and this alternative proposal of Glauert has not been 
generaUy followed. The assumption of a uniform induced velocity on 
the other hand led to definite conclusions when Unked with Glauert's 
second assumption. 

(2) The momentum equation is assumed to be of the form 

T = p7rR2 V' . 2v, (1) 

where T = the thrust. 

R = the radius of the disc. 

V = the resultant velocity at the disc. 

V = the induced velocity at the disc, so that V is the 

velocity obtained by combining the air velocity V and 
the induced velocity v. 

This formula is a generalisation of the two extreme cases : — 

(a) The Froude momentum equation for axial flow. In this case V 
and V are both directed along the axis of the rotor so that 

V' = V + V 

and T = pnR^(y + v)2v 

(b) The relation for elliptic loading on a wing of span 2R at small 
incidence. In this case the induced velocity v is normal to the 
stream velocity V and is small compared with it. It is known that 
the lift of the wing L is then related to the induced velocity v by 
the formula 

L = pTrR2V.2v 
It will be seen that equation (1) reduces to this form if we may 

replace the resultant velocity V by the stream velocity V. Thus 
we see that Glauert's momentum equation for the thrust is a 
generalisation of two limiting cases and this is its only real justifica- 
tion. 

Lock started from the framework prepared by Glauert but he carried 
through the analysis of the aerodynamic characteristics and the blade motion 
much more thoroughly so that the nature of the approximations was dear at 
every stage. The result is that his report is still a standard reference work. 
However, he was forced to adopt the assumption of a uniform induced 
velocity for lack of any reliable theory of the induced, velocity distribution 
and this is the main gap in his work. 

AsaoeisHom cf Gt. Britain. 37 



CALCULATION OF THE INDUCED VELOCITY FIELD. 

It is worth while to start briefly with the exaa problem and consider 
stage by stage what approximations are introduced into our analjrsis. The 
first approximation that we make is the restriction to a linearised theory^ 
i.e.y we assume that the induced velocities are all small compared with the 
stream velocity. This is permissible provided that the thrust coefficient 
Of, defined by the equation 

Ct = ^ 

is not too large. The linearised theory is probably valid up to C^ = 0.5 

^^proximately. 

The next steps in the approximation are to ignore the rotation in the 
slipstream and to assume that there are sufficient blades to permit n^ea 
of the periodicity in the flow. The latter assumption is a drastic one but is 
essential since we already know that the solution of the axial flow propeller 
with a finite number of blades is very difficult : the corresponding case of an 
oblique propeller with a finite number of blades is probably insoluble. 




Pig. 2. 

Assumed Loading 
Distribution, 
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We have now reduced our problem to a disc loading problem : we have 
a thrust T which is distributed over a disc of radius R. The disc we define 
as the plane from which the path of the blade tips deviates as little as possible. 
In addition to the thrust which is assumed to aa normal to this reference 
plane there may be small forces in the plane of the disc, but these afe in 
practice less than 5% of the thrust and may be ignored in considering the 
induced velocity field. We may further assume t^t for a rotor with hinged 
blades and small hinge offset die thrust T acts through the centre of the 
disc since otherwise tibere would be a rolling or pitching moment present at 
the hub. We are, therefore, led to the assumption that the loadmg is 
symmetrical round the disc ; this is certainly not more than a rough approxi- 
mation but it may be possible to improve it in the future. We further know 
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tlut tbe lifi vinishes at the root and at the tipa of the blades, i>., the load 
TOUsbes at the centre and at the rim of the disc. There is one pardcular 
load diMiibution which satisfies these conditions for which it is not too 
difficult to make calculations. This is for the loading over the disc giVcn by 



Fig. 2 and is the loading assumed 
le corresponding load distributi< 



■ (2) 



This is shown in Fig. 2 and is the loading assumed for aU the induced velocity 
calculations. The corresponding load distribution along a blade is 



and is also shown in Fix- 2. The mathematical analysis of the flow through 
ft rotor with this load distribution over the disc has been carried through by 
W. Mangier and the computations by P. Sibbald, and a detailed report on 
this work will be issued in due course. We proceed to consider some of the 
results, beginning with the induced velocity distribution over the disc itself. 

The contours- of induced velocity normal to the disc, denoted by v, for 
the above loading and taking C-j- = 1.0 are given in Figs. 3 and 4 for disc 
incidences (i) of and 15°. Calculations have also been made for 30, 45 
and 90 donees. 

If we consider in particular Fig. 4 (i = 15°) we notice fiist that the 
induced velocity is anydiing but uniform over the disc. The average value 
<rf'the downwash parameter ^^^is about 0*25 but it varies fnnn an upwaah 




INDUCED VELOCITY 
CONTOURS OF t^ 



OVER DISC 
FOR ot - 0° 
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of 0*3 u the front of the disc to i downwash of 0-9 oa the rear edge of the dnc 
hilfway out along the span. It is desinble heie to menticm mother featqre 
which is chaiacteiistic of this kind of innstiguion and whidi is already 
well known in aerofoil theoiy : this famue is that the induced veloci? 
varies lapidfy with any diange in the load distributim over the disc. TluB 




INDUCED VELOCITY 

CONTOURS OF -^^ 
Fig. 4. 

is because the induced velocity depends on the gradient of the loading and 
it follows that large local changes in induced velocity can be obtained by 
quite small changes in the load ^tribution on the disc. Consequently local 
peaks in upwash or downwash may not be present in practice because they 
can be removed by quite small changes in loading ; we must therefore only 
take the general features as signifiamt. These geneial features are best 
considered in relation to the vortex system shown in Fig. 5 which represents 
the system roughly. 

In Fig. 5 the number of arrows shown is a measure of the vortex strength. 
It must be rembnbered of course that we are actually dealing with a continu- 
ous variation of vortidty, and the diagram only illustrates the main features. 
We note the following : 

(1) There is an upwash near A at the forward part of the disc. 

(2) There is a downwash along BO which is followed by upwash over OC 
and downwash over CD. These are all in accordance with the detailed 
calculations. 

(S) There is zero downwash at the centre of the disc. 

(4) There is a large upwash at the lateral tips of the disc EE and a large 

downwash near the points FF ; as explained above these may be modified 

by minor changes in load distribution. 

On the right of Fig. 5 is shown the span loading distribution which is 
obtained for the disc loading given by equation (2), treating the rotor as an 
aei;pfoil. It will be seen that this loading distribution differs considerably 
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from the ideal elliptic loading which gives twinimnin induced drag for 
aeiofoib. 

We now turn from the case of the induced velocity in the rotor disc to 
the case of the induced velocity away from the disc. Since we are here 
mainly interested in the mean value with respect to time of the induced 
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Pig. 5. VoTUx Distribution and Span Loading* 
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velocity at a point we can here satisfactorily represent the rotor as a disc with 
a steady load distribution over it. The same loading as in the former case 
has bera adopted, given by (2), and the calculation of the induced velocity 
distribution has beoi made by the same method as for points on the disc. 
Here we are of course interested in induced velocities normal to the wind 
direction since the results are to be applied to calculate interference effects. 



Figs. 6 and 7 show the downwash 
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VC 



in the plane far downstream for 



a rotor at zero incidence and at an inddenoe of 15°. The plane of the 
figures is normal to the stream direction so that in Fig. 6 the projection of 
the rotor disc is shown as a line and in Fig. 7 as an ellipse, and w is the 
induced velocity direaed vertically downwvds in this plane. 

These curves can be applied to a number of important problems in 
helicopters. Consider first the interference effect on induced drag for a pair 
of rotors. If the rotors are side by side each will produce an upwash on 
the other and a reduction of the induced drag will result. If on the other 
hand, there is one rotor behind the other the firont rotor will produce a 
downwash on the rear one with a consequent increase in induced drag. 
These effects are of course well known in wing theory. We obtain the 
results given in Table I for the side-by-side configuration. 
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DISC INdDBNCB ZBRO. 



HodioottlG«p 
Dinoeter 



0-87S 
0-906 
0-924 



The induced drag of an isolated rotor at zero incidence with the disc 
loading distribution shown in Fig. 2, where the span loading distribution is 
as shown in Fig. 6, is calculated to be 1 ■ 176 times the indu^ drag for the 
ideal case of eUiftic loading across the span ; this result has been used in 
the calculation of induced drag for a combination. 

For gap-diameui ratios of less than O-I the fiivourable efiect may be 
rather greater than that shown because the effcctiTe disc loading may posaildy 
change in such a way that the two discs aa more and more hke a smgle disc. 
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INOUCCO VELOCITY FAR DOWNSTREAM 
CONTOURS Of ^- FOR ot -IS* 
Cnmit apyrittt numd. 
Fig. 7. 



It is dearly desirable to place the discs as close together as possible without 
increasing the induced drag, since this reduces the length of the ourriggen. 
I don't know the answer to this problem but my guess is that the best arrange- 
ment would be to use a small overly on the discs ; this would not Dormally 
give any risk of the blades striking one another since the rotors are usually 
geared together. 

The next important case of induced drag is for the helicopter with 
tandem rotors. Here in the extreme case of no gap between ihe rotors the 



Vertical Gap 
Diameter 





01 

0-2 

0-35 

0-5 



Induced drag 

Induced drag 
without interference 



2 

1-573 

1-394 

1-259 

1182 



Table II. 



INDUCED DRAG OF TANDEM ROTORS 



DISC maDENCB ZERO. 



induced drag may be twice as great as the drag of the two independent 
rotors. The results for different vertical gaps between the rotors are given 
in Table II and it will be seen that the int^erence effect diminishes rapidly 
with increase in g[ap. This interference effea is independent of the fore and 
aft distance between the rotors but the gap should really be estimated as 
the distance of the wake of the front rotor from the rear one ; due to the 
deflection of the wake this may be somewhat greater than the geometrical 

gap- 

ROTOR INTERFERENCE FOR MULTI-ROTOR HELICOPTERS. 

In order to analyse or predict the stability charaaeristics of multi-rotor 
helicopters it is necessary to estimate the interference between the rotors. 
This requires the calculation of the downwash induced by the front rotor(s) on 
the rear rotor(s). The other interference effects are not likely to be important 
with the possible exception of the effea of the rotor slipstream on the friselage 
at low forward speeds. 

A description of calculations of the induced velocity field of a rotor has 
been given above and it is only necessary to indicate briefly the application 
to the calculation of stability here. For the tandem rotor helicopter the rear 
rotor is in a stream which is inclined downwards due to the downwash from 
the front rotor and this would cause a reduction in thrust if it were not 
coimterbalanced by a change in pitch of the blades or a change in inclination 
of the rotor axis. This downwash varies with forward speed and with the 
height of the rear rotor above the front one, so that it is not possible to draw 
many general conclusions as to the effect on stability of the rotor interference. 
Since the effea increases with reduction of forward speed but vanishes 
altogether in the hovering condition, to which the theory does not apply, 
there will be some speed for which the effea is a maximum. 

As the speed decreases the slipstream of the front rotor is defleaed 
more and more from the wind direction and consequendy frirther and 
further away from the rear rotor. Since our theory is a first order theory 
which assumes that the loading of the rotor and the deflection of the slip- 
stream are both small the theory becomes less reliable as the speed decreases. 
It may, however, be possible to make some allowance for second order 
effects by estimating the height of the rear rotor above the defleaed sUpstream 
of the front rotor. 



AupdtiiUm cf GL BriUin, 



V^ 



» 



STABorry. 

SINGLE ROTOR AIRCRAFT. 

(a) Havering. 

The helicopter is least like an aeropkne when it is hovering and it is in 
this condition that we should expect that the stability characteristics would 
be most unusual. This is in accordance with experience which shows that 
the hovering helicopter in its simple forms is unstable : this instability takes 
the form of an increasing oscillation. It is desirable to be dear about 
and not to be confused by meaningless statements about ** pendular stability. 

It has been often forgotten that Von Karman gave an adequate account* 
of the stability of the hovering helicopter in IS^l. His work had heca done 
in connection with the Karman-Petroczy helicopter developed in Austria- 
Hungary during the 1914-1918 war. I repeated this investigation in 1938 
in an unpublished paper^ in ignorance of Von Karman's work, and in the 
same year Hohenemser^ published a much more detailed investigation erf* 
the subject.* Fortunately this instability of the hovering helicopter turns 
out to be of long period and fiuily stow rate of growdL For example, fior 
the Sikorsky R.4 the period of oscillation is 14 sec and the increase in 
amplitude in one period is about 5. 

(b) Parward flight. 

In forward flight we should logically begin by considering static longi- 
tudinal stability which is measured by the variation of the position of £e 
fore-and-aft control with forward speed. It appears, however, that this, 
movement is small and indepoident of CG. position so that we should con- 
dude that the static longitudinal stability of the aircraft is neutral or that 
die concept is inapplicable. 

I shall not d&cuss the dynamic stability here as work on this will be 
described by Mr. Stewart in a lecture to the R.Ae.Soc. in January, 1948. 

Heucopter Stabiuty — General. 

The single rotor helicopter of the Sikorsky type is an aircraft whose 
stability characteristics are very different from the stability characteristics 
of aeroplanes : the small effea of CG. position on the stability of the Hover- 
fly I helicopters is suffident evidence of this. Helicopters with two side-by- 
side rotors behave like single rotor helicopters for motion in the plane of 
symmetry. 

But when the lifting surfaces are spread out along the line of flight, as 
in tandem rotor heUcopters, then the resemblance, from the stability point 
of view, to aeroplanes becomes doser. In the following paragraphs I shall 
for definiteness refer to the tandem rotor heUcopter but it must be understood 
that the remarks apply in general to other configurations, such as the Cierva 
Air Horse, which has three rotors at the comer of an equilateral triangle. 

In considering the general problems of the stability of the multi-rotor 
helicopter we must take advantage of the many years of study devoted to 
aircraft stability. We follow here the theory of Gates and Lyon*. These 

* The corresponding theory of rotor stability in forward flight has been worked out 

by HoHENEMSER* and Sissingh? 
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writers have shown that the principal parameters determining aircraft 
stability are the static margin Kq and the manoeuvre margin I^ and that 

for satisfiictory behaviour it is n ecessary that both these quantities should 
be positive. 

The definitions of Kq and Hm are* : — 
(1) 



with 



(2) 



with 



Kn = 


*Cnj da *Cm dv 
8. dCL SV dCx,' 




dV V 




dC^ 2Cl 


H„» = 


*Cin da SCm dq 

8a dCL *q dCL 




dq V 1 
dC^ - / 2a., ' 



where a = incidence. 

Cl = lift coefficient ZL/pW^S. 

C|Q = pitching moment coefficient 2M/pV^S/. 

/ = arm for pitching moments. 

q = angular i^odty in pitch in a drde at constant speed, 
/^i = W/gpS/. 

The neutral point is the C.G. position for which K^ vanishes and in 

the simplest cases Kq is proportional to the distance of the C.G. ahead of 

the neutral point. Further the static margin Kq is proportional to the rate 

of movement of the longitudinal control with speed, and the latter vanishes 
if the C.G. is at the neutral point. This rdation between K^ and the 

longitudinal control provides a good way of understanding the significance 
of die static margin. We consider the succession of equilibrium conditions 
of the aircraft which corresponds to increases in speed at constant power. 
Then there will be a corresponding movement of the longitudinal control 
lever which may be assumed to tilt the rear rotor forward and back just as 
if we had a gigantic aU-moving tail plane ; if this movement is such that the 
backward tilt of the rear rotor increases rdative to that of the front rotor 
with increase of speed (corresponding to downward movement of the elevator 
with increase of speed for a stable aeroplane) then the helicopter is statically 
stable. 

The neutral point and the static margin are linked with slowly developing 
dianges in motion and do not give the whole picture. An aircraft which is 
stadodly unstable may be quite controllable ; nevertheless it is desirable that 
helicopters which are to be used for military or dvU purposes should be 

^ Ignoring the distinction between the lift coefficient C^^ and the resultant force 

coefficient Co. 



statically stable for speeds above some lower limit ; this lower limit might be 
the best climbing speed. 

On the other hand the manoeuvre margin H,,^ is a measure of the effixts 

of rapid changes and it is essential that Hq^ should be positive. If H|q is 

negative large accelerations can be developed as a result of small movement 
of the longitudinal control lever and this is unacceptable. 

For the tandem rotor helicopter we can carry our analysis a little further. 
If the aircraft is given a rate of pitch q then the front rotor hub will aoquire 
an upwards velocity and the rear rotor hub a downwards velocity (Fig. 8). 




Pig. 8. 
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This will produce a decrease in thrust of the front rotor and an increase of 
thrust of the rear rotor and hence a negative pitching moment. For the 
twin rotor helicopter rough estimation gives 

= — 'is ^ 

4V da 



AM = » ^ A« 

2 da 



where 



and hence 
dCL. 



8C„, 



4V 



8q 4V da 

is the overall variation for both rotors. Substitution in the 



equation defining Hm then gives 



Hm = — 



6a dC 



L + _L ^ 

L 8/*! da 



Now fit is of order unity and — j— is of order unity for a tip speed ratio 

da 

/A = 0- 1 and of order 0-4 for a tip speed ratio /a = 0-3. Hence the second 

term in the right hand side of the expression for Hj^ is of order 0-1 for 

/A = 0- 1 and falls with increase of tip speed ratio. This rough calculation is 
sufficient to show that the second term in the expression for H^ is important, 

probably more important than for aeroplanes. We must therefore be on 
our guard against the simple criterion that satis&aory stability charaaeristics 

are assured if -^ — is negative, as this is not the whole story. 

As an example, calculations have been made of the stability characteristics 
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at sea level of a hypothetical tandem rotor helicopter of the following 
dimensions : — 

Weight 9,500 lb. Solidity 005 

Rotor power . . 2 X 350 h.p. Tip speed . . 550 ft. /sec. 

Rotor diameter . . 45 ft. Distance between rotor hubs 7=45 ft. 

The results are given in Fig. 9 which shows static margin, manoeuvre 
margin and longitudinal control setting plotted against the tip speed ratio 
fjL for two e.g. positions, one midway between the rotors and another forward 
of it by 5 per cent, of the length between the hubs. It will be seen that the 
manoeuvre margin is positive in all cases and this suggests that there is no 
risk of rapid divergence. On the other hand with the rear e.g. position 
the static margin is negative throughout the speed range. With forward 
eg. we have static stabiUty at high speeds and static instability at low speeds. 
It seems Ukely that static instability may occur for all tandem rotor heUcopters 
below a certain speed and it may be only practicable to require that this 
speed shall be below the best chmbing speed. 

The longitudinal control setting is defined as the angle of tilt of the 
rear rotor axis relative to the front rotor axis, a backward tilt being positive. 
If we wish to travel faster the immediate movement is to increase this angle 
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STABILITY OF 

TANDEM ROTOR 
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WEIGHT 9JSOO LB. 

ROTOR POWER 2X350HP. 
ROTOR DIAMETER 45 FT. 
SOLIDITY O-OS 

TIP SPEED 55a FT/SEC. 

DISTANCE BETWEEN 
ROTOR HUBS t 



45 FT. 
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as it will give greater lift on the rear rotor and this will tilt the noae dopo. 
It is very desirable that such a movement should not have to be followed by 
too mudi reversed movement when we icBch the new oondMon. Tim 
happens for a statically unstable aircraft as is shown for the heliccqyter with 
rear eg. position in Fig. 9. With the forward e.g. position on the odier hand 
the longitudinal trimmer setting hardly varies at all with speed which h 
much more satis&aory. 

• 

I am not sure how fai it is safe to generalise fiom this one exan^le 
which was calculated in rather a hurry. In particular, the effect of dng 
and of vertical height of the eg. have been neglected. But it is probably- 
correct to conclude that the maintenance of static stability over a sufficient 
part of the speed range is the matter to which most attention should be given. 

Concluding Remarks. 

I have left a number of matters not properly illustrated by means of 
examples. There has been no opportunity so fiu: to do much of this but 
we sludl try to do some more in the future. I will conclude my lecture by 
expressing the hope that perhaps some members of the audience may be 
willing and able to take some part in this work. 

The Chairman's Vote of Thanks to Mr. Squire. 

The Chairman said he had very much pleasure in proposing a 
hearty vote of thanks to Mr. Squire for his most interesting lecture, 
and felt all present were well rewarded for coming there that aft er noon. 
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CHAIRMAN'S SPEECH. 

IDIBS AND Gentlemen, 

At this, the Third General Meetrng and the Second Annual General 
ieedng of the Helicopter Association, it is my privile^ to present to you 
this address some information which I hope will be ofinterest. 

General Remarks-^MembersUp. Firstly, I am happy to say that the 
embership of the Association continues steadily to increase. Although 
is means an increased income, the actual running expenses of the Associa- 
m have increased even more, there are however, two ways of meeting the 
[tra load phced upon the Association's funds^ The first and obvious 
jqg for your Council to recommend would be an increase in the annual 
ibscrqytion and although we may be forced to place before you within the 
»t few months a proposition to this effect, we are anxious to defer tl^ 
atter as long as we can conveniently do so. The second — and to my mind 
le better way of easing the burden, would be to aim for a still greater increase 
. memberslup between today and our nex^ General Meeting in 1949, ami 
» I am hoping that each and every member will take it iq)on himself to 
cniit at least one new member during the coming year, remembering that 
le new members must be persons who carry the dear qualifications set out 
. the Rules and Regulations of ttie Association. More especially we wish 
> encourage the recruitment of the younger entrants, for with the industry 
qmnding as it is every encouragement and aid must be given to those who 
ity now have their feet upoa the first rung of the ladder. Oiu: aim should 
t to double our membership and this can only be accomplished if every 
ember will do as I have suggested. 

Finance, On the subject of finance you will have seen fiom the printed 
nnual Report that although our financial position is sound, our reserves 
re slender. The sound position today is due mainly to the generous 
sponse fiom the industry to the appeal for funds. The funds recdv»i in 



the fonn of Foundation Gnmts total more than £lfiO0y and the Council 
wishes to record its appreciation of the action of the Directors of the 
Aeroplane Co., Ltd., The Cierva Autogiro Co., Ltd., The Fairey 
Co., Ltd., and Westland Aircraft Ltd., who have each generously donated 
the sum of iC250. These sums have been placed to a Special Reserve Fund, 
but it lus been necessary to transfer j^400 fiom that account to the Income 
and Expenditure Account for the year to February, 1948. 

Journal. I willnowreferto the Journal of the Association. The high 
quality of the matter delivered by the lecturers during the year demanded an 
improvement in the method of presentation over that provided by the earlier 
publication known as the Bulletin, and the Coundl feel that their action in 
improving the form of the Journal has been ftilly justified, although there 
has been an imavoidable increase in the cost of printing and publishing. 
It is interesting to note that the Journal is now circulated throughout the 
prind]^ Government Departments, many Universities and other scientific 
and ^ucational institutions throiighout the world. The heavy burden of 
the expense of printing and publication has to some extent been eased by 
the token advertisement scheme to which the industry has given very 
satisfiu:tory support. New applications for space continue to come to hand 
together with applications to subscribe fiom manufiicturing concerns through- 
out the aircraft industry. 

Cierva Memorial Prize Essay. It will be remembered that an anony- 
mous donor has given a prize of j^lOO for a paper or papers to be written 
on any subject connected with helicopters, and with the consent of the donor 
this sum forms the nucleus of the Cierva Prize Essay Fund. The standard 
oif entries for this competition for the year 1946/47 were disappointingly low 
and, therefore, the Committee dealing with this matter recommended that 
the award be withheld for that year and this decision was endorsed by your 
Coimdl. 

Your Council has considered a change of subject for this essay for the 
^siiing year and suggestions fiom members will be welcomed. An 
annoimcement will be made as soon as a decision has been reached. The 
entry for the session 1947/48 is now under consideration. You will note 
that I deliberately said entry, and the Coimdl do hope that a better response 
will be forthcoming for this year. 

Lectures. I mil now turn to the subjea of lectures. During the year 
seven papers have been delivered to the membership by such well known 
helicopter engineers as Messrs. Igor Sikorsky, H. B. Squire, J. S. Shapiro, 
R. Hafner, O. FnzwiLUAMS, A. McClements and Major Siltanen, 
U.S.A.A.F. Each lecture has been followed by an informal discussion, and 
refreshments and every opportunity for getting together and discussing the 
various helicopter developments and events has been taken by members. 

Emblem. A great deal of thought and careftil consideration has been 
given to the problem of a suitable emblem for the Association and finally 
your Council has selected the Dragonfly as the most suitable object in 
nature having as it does aU the flying charaaeristics of the helicopter. The 
Emblem Committee headed by Major Nelson has devoted much time and 
labour to the preparation of sketches and designs, and the result is the badge 
which you will shortly see reproduced in black and white on the cover of 
the Journal and other documents. It will be used for an experimental 
period of twelve months and members are invited to submit their criticisms. 

4 Tk4 Journal of the Hdicopttr 



Annual Dinner. The success of our first Dinner in March, 1947, 
suggested that it should be made an Annual event. As you know, it is being 
held this year in Londonderry House which is rapidly becoming a centre of 
aviation activities, and I should like to record our thanks to the Secretary 
General and House Secretary of the Royal Aero Qub for the use of their 
excellent premises and the landly advice given in organising this function. 

Rules and Regulations. On the subject of the Association Rules and 
Regulations, I think you will agree that certain aspects require clarifying 
and generally straightening out. Membership quidifications in particular 
call for revision in the light of experience and in due course your Council 
will place the proposals before you in detail. 

Council. I should like to take this opportunity of extending a warm 
welcome to the newly elected Members of Council and to those who were 
not successfid I would say, do not be disappointed, and better luck next 
time. 

The absence of four of our Council Members is to be r^retted, but at 
the same time they are much to be envied. Captain Liptrot, Dr. Bennett 
and Messrs. Hafner and Fitzwilliams are on a visit to the U.S.A., and 
taking part in the Fourth Annual Forum of the American Helicopter Society 
which is just about to dose. No doubt they will return with much informa- 
tion about recent developments in America. 

Stc^. As ]rou will have seen from the report, the Council has appointed 
Miss Sheila MacPhee as Assistant Secretary. Miss MAcI^ffiE has 
q^roai±ed ha work with great enthusiasm, and I know that should any 
member be in need of advice and information on Association matters it will 
readily be provided by her. 

Liaison with Official Bodies Your Association now enjo3rs full recogni- 
tion by the Ministry of Civil Aviation and Ministry of Supply, and is 
represented o;i numerous Committees and Working Groups dealhig with 
the Regulatory aspects of helicopters and the amditions of issue for Heli- 
copter Pilots Licences and Instruaors Certificates, Certificates of Airworthi- 
ness and T binding Area Requirements. The appointed members are 
collaborating closely with such important bodies as the Royal Aeronautical 
Sodety, the Air R^istradon Board, the Society of Licensed Aircraft 
Engineers, the Guild df Air Pilots and the Royal Aero Qub. 

Outstanding Events^ 1947/48. The year imder review will be memor- 
able in many ways. In June, 1947, the Westland Aircraft Company 
announced their intention to manu&cture* the Westland Sikorski S.51 in 
this obimtry. Two British helicopters, the Bristol 171 and the Fairey 
^ Gyiodyne," commenced their initial handling and prototsrpe trials and 
great progress is being made in the devdopftient of both these types. 

Chi the operational side British European Airways have successfully 
ettabltshed the experimental postal delivery unit, and the mail carrying will 
shortly start' in earnest. In Scotland the Irvin-Bell organisation has inaugura- 
te4 the first dvil Helicopter Training School, and at Cambridge the Pest 
Control Company is carrying out experiments in crop-spraying by helicc^ter 
on a lluge scale. 

A notable demonstration took place for the Elder Brethren of Trinity 
House at Dungeness, Rent. The demonstration was designed to prove 
the suitability of the heUcopter for coastal rescue and relief work, and early 
this year the opportunity came for a fiill scale demonstration under tfak 
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woisi possible flying condidom when Tiinity House requested that aid by 
way of provisions and stores be delivered to the men of the Wolf Rock 
Lighthouse, which operation was successfully accomplished by the Westhnd 
S.51 helicopter. 

Landings have been made in the London Area by the Wesdand S.51) 
and a Bell helicopter. The pilots of both these aiicnft are mcmbeis of the 
Association, and &om members point of view probably the most interesting 
innHing was that made within 50 yatds of this building on a aiwH space 
adjoining Broadcasting House. 

CONCLUSIOH. 

Finally, I should like to commend and erpress ij^Hedation to all tboae 
Coimdl and other memben who have given so unstintiiigly of their time and 
Ubours to the ftirtberance of the Assodatioa's work and aims. Particular 
mention should be made of our Vicc-Oiairman, Mr. Norman Hnx, and 
the Honorary Secretary, Mr. Stokex, who between them have been respon- 
sible for the major part of the day to day work of the Assodation during the 
past year. 

Our thanks are also due to the Secretary of the Society of Licensed 
Aircndt Engineers for his teal he^ and advice, and last but not least ri the 
firm of Messrs. W. B. Keen & Co., who have aaed as the Association's _ 
auditors and accountants during the past year and supplied other services 
asweU. 




Election of Chaiiman 

At tlie Fiat Meeting of tbe newly-elected Council of The Helicopter 
Association of Gieat Britain on 20th May, 1948, Ms. H. A. Maxsh, A-F-C, 
A.F.R.Ae.s., was unanimously le-electcd Chaiiman for the ensuing year. 

Mk. N. J. G. Hill, A.M.i.Mech.E., A.R.Ae.s., Vice-Quixmanfoi 1947 
WIS also unaidmously le-ekcted fbi 1948. 

The Second Annual Dinner 

Chainnan : H. A. Maksh, Esq., a.f.c., A.F.Rjie.s. 

After tbe Annual Gcneial Meeting on April 24tb, Members and their 
fiiends guhered in the evening to oelcbiate tpe Secmd Annivenary of our 
Association. In order to acccMnmodatt the ittber la^;^ assembly of )ust 
over a hundred people the dinner was held at Loodonderry Ifotne, Puk 
Ijme. The di^iity of the Banqueting Hall, by conqiatisca with last year's 
smaller gathering in the City, blended well with the infonnal and fiicndty 
atmoeplure of the occasion. 

Following the Chaikman's q)ecch, Mr. Pekot Caxfsntbr tespcmded to 
the toast " The Guests " pioposed by Wing Commander Reggie Brie and 
Oqitain Laurence Pritchakd, and Cqnain Ladhencz Pkitchakd's com- 
ments on the economics of Aviadon were particularly apt and amusing to 
Members, especially when recalling the winy vein of his speech at our first 
Dinner. Other speakers were Mr. S. Scott-Hall and Mr. N. E. ROWE, 
vrba jointly pioposed the toast of the 
" HeUcopter Association " with some 
flattering remarks about the enthus- 
iasm of its Members. The evening 
was concluded by oui Vicb-ChaduUN 
piopoaing a ntst to " The Ladiei." 




Among iht Astodatuttft <^dal giuttt 
pMttM mtri, CaptaiH J. Ltmrtnct Priteh- 
ard, Mr. R. E. Hanht^ham, Cobntl R. 



L. PmioH, Mr. 1. L. S. MtNieot, Mr. 
P. Carftnttr and Moor M. E. A, Wright, 
and, <a iht uehmoal prta, Mr. C. Af^ 
PMdfn, Mr. Thuntan Jamts, Mr. W. B. 
G^, Mr. J. Park* and Mr. C.P.Andrtm. 



Proceedings of the Third Annual General Meeting 

HELD AT 

MANSON HOUSE, 26 PORTLAND PLACE, LONDON, W.l 

ON 24th APRIL, 1948 

At 3 p.m., the Notice convening the Meeting was read by the Honorary 
Secretary ; apologies for absence were received fiom the following Council 
Members, Group-Captain R. N. Liptrot, Dr. J. A. J. Bennett, Mr. R. 
Hafner and Mr. O. Fitzwiluams, who were attending the Fourth Annual 
Forum of our counterpart, the Axjierican Helicopter Society. 

Our Chairman then read a cable he had sent on behalf of Members : — 

'' Richard PREwrrr, President of American Helicopter Society. 

Heartiest greetings fiom the Helicopter Association of Great Britain to the 

American Helicopter Society on the occasion of their Fourth Annual Forum. 

H. A. Marsh, Chairman.** 

Unfortimately, the following reply arrived too late to be read at the 
Meeting : — 

" The Chairman, Helicopter Association of Great Britain, Greetings 
and congratulations on Third Annual Meeting and Dinner fiom American 
Helicopter Society. Ralph Lightfoot, President." 

The Minutes of the Association Second Annual General Meeting held 
on March 22nd, 1947, were read by the Honorary Secretary, Mr. J. S. 
Shapiro proposed that these Minutes be approved and Mr. G. A. Ford 
seconded the proposal, which was passed unanimously. 

Our Chairman presented this year's Annual Report which was read 
to Members by the Vice-Chairman. The accounts were presented by the 
Hon. Treasurer, Mr. G. C. Turner and after some discussion, the Report 
and Accounts for the year ended 29th February, 1948, were accepted. 

The result of the Ballot for vacancies on the Executive Coimdl was 
announced and, on the proposal of Dr. A. P. Thurston, seconded by 
Mr. A. E. Bristow and subsequently carried unanimously, the following 
successful nominees were elected to the Executive Council : — H. A. Marsh, 
B. H. Arkell, N. J. G. Hill, A. McClements and Major H. O. Nelson. 

Messrs. W. B. Keen & Co. were reappointed the Association's Auditors 
for the coming year. 

The Chairman, after making his speech, which we have reported ftilly 
elsewhere, intimated that the Council would welcome suggestions fiom 
Members regarding the preparation of a suitable lecture programme for the 
coming year and for ideas concerning ways and means of increasing the 
Association's ftmds. In his concluding remarks, he said he took pleasure 
in pointing out that over 50 per cent, of the i^sodation's Members had 
recorded &eir votes and he understood that this was a very high average 
compared with contemporary Associations and Societies. 

Other mauers discussed inpluded a proposition for charging Members 
a small amount for the Journal, the possibility of the Association's publishing 
or sponsoring the publication of a text book on helicopters, the increase (» 
revenue through advertisements in the Journal, the closer relationship with 
the Press .and the possibility of organising a heUcopter display. 

The Meeting dosed at 4.30 p.m. 
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iNTRODUCnON BY THE CHAIRMAN. 

Ladies and Gentlemen, 

Our lectuier today is too well known to all of you to need any intro- 
ducdon &om mc. Mr. HafneR is a member of the Council of our Assoda- 
tion, a member of the Hdicopter Committee of the Aeronautical Research 
Couodl and Chief Designer, Helicopter Division, of the Bristol Aeroplane 
Co. Ltd. 

Since he talked to a joint meeting of the S.L.A.E. and our Association 
m April, 1946, the Bristol Hdicopter 171 has succcssiiilly fiown and is now 
aonimulating flying time at a rapid pace. I am sure we shall all watch the 
progress of the 171 with very great interest, particularly as it would ^>pear 
n> have possibilities of being the first British helicopter to go into production. 

On behalf of the Association I extend a cordial welcome to all our 
guests. 

MR. RAOUL HAFNER. 

Mr. Chairman, Ladies and Gentlemen, 

It is my task this afternoon to give you the story of a British helicopter, 
■bout which you have protxibly alrtady heard, ,thc Bristol Type 171. 

It is a story of a sustained effort and cme is reminded of a mountaineering 
d^iedition which commences as a very comfortable walk on gentle slopes 
but is gradually getting into steeper and more stony territory until eventually 
one finds oneself clin^og m a .nearly vertical wait, exhausted, lightened and 
abort of breath, and when from this position the moimtaineer casts his eyes 
back n> the starting point, he is forcefully reminded of the fiia tlut everything 
looks rather huber and more difficult from aboye than it seemed from below, 
even though the difficulties were not unexpected ones. 

tfCI. BrtMm. ^ 



My story begins in the late Autumn of 1944 when I joined the Bristol 
Aeroplane Company, with the mandate to fbim a Helioc^pter DqMUtment 
and to produce, within the shortest possible time, a practical hdiocqMcr 
which could earn its living and be sold to a customer. The eiperienoe then 
widi helicopters in this country w^ very limited. We had some Sikorsly 
Y.R.4's flying around, there were a handful of pilots, and very few people 
with tedmiad training on helicoptors. There vma a coQa^tete lack of 
research equqiment suitable for this Idnd of work and Air Marshal ScMtunr, 
then C JI.D., stressed the necessity for an early practical solution of die 
problem which eliminated at the outset any advanced design that would have 
involved us in long term basic researdi. I therefore decided to confine our 
efforts to well tried elements, which resulted in die choice of the followh^g 
features of the Type 171 ; 

(a) The Sikorsky Y.R.4 pattern as the basic configuration of the he&copter, 
f .€. a main rotor with cychc and collective pitch control, and a torque 
compensating tail rotor providing yawing control. 

(b) The main rotor control, hub, and blade suspension to follow the lines 
of that in the Hafoer Gyroplane. 

(c) A wooden monocoque construction for the rotor bl^.des. with whidi we 
had gained some experience in this coimtry during the war, and, 

(d) The fuselage, or at least the greater part of it, built in metal monocoque 
construction, in accordance with well tried Bristol practice. 

With regard to the size of the aircraft, it was already then recognised 
that the useful load of the Y.R.4 was too small to be economical, but that, 
on die otto: hand, it would be dangerous, at that stage to venture coo hi 
into the larger rotor sizes, as scale effect would bring many yet unknown 
problems into the picture. 

A rotor of not more than 50 feet diameter and an all up weight of between 
4,000 to 5,000 lb. was thought to be a fiur, compromise. An improvement in 
helicopter performance, especially speed, hte always been one of my aims 
— as well as simplicity and robustness of construction and good wearing 
properties — ^which would result in low maintenance cost and a long service 
life. 

In the New Year 1945, the nucleus of the helicopter section was 
established and the deck was cleared for action — a helicopter design suitable 
for production. We had a formidable task before us, which required a 
carefully thought out plan. Before proceeding on this task we had to build 
the tools to make the job. In the first instance there were a number of 
aerodynamic problems which could not be solved without fiill scale investiga- 
tion on a rotor spinning tower : we therefore designed and construaed the 
Bristol Rotor Tower. Next the need for fatigue testing of conq>onents, 
which are subject to wear, became apparent, in particular blade articulations 
like flapping and drag hinges and tie rods : such a testing machine was 
designed and construaed. 

A theoretical analysis of rotor oscillations in the plane of rotation 
resulted in the construction of a dynamic model rotor, which is still unfinished, 
and many other minor items of research equipment, the description of which 
wotdd go be3^nd the scope of this simple account. 

Hf TU Jiiumal of the HOieoptm 



Our next serious handicap was the lack of airworthiness and strength 
requirements for this type of aircraft. AP.970 and the corresponding A.R.B. 
requirements were mostly inapplicable to the helicopter, so that we decided 
to write such a document ourselves. At the commencement the progress on 
such unprepared ground was slow and trying, but gradually we gathered 
momentum and once the principal questions were settled the design work 
could fim out and advance in many directions. Drawings were issued to 
the work-shops, and slowly components and sub-assemblies b^an to collect 
in the Works Stores, ready for the major assembly of the aircraft. Steadily 
this grew until, on the 17th January, 1947, the Bristol 171 was wheeled out 
into the open air where Works people gathered around it and gazed upon 
this queer contrivance, with expressions which dearly revealed mixed 
feelings on the subject. 

This ceremony concluded the first and somewhat simpler part of our 
journey. The assembly of the aircraft had proceeded satisfaaorUy, and 
indeed many of the vital components had already been subjected to a 
considerable measure of fatigue and other testing, but the main assemblies 
as whole units had not yet been put to a test. Consequently, the rotor and 
hub were removed from the aircraft and assembled for the first time on the 
rotor tower, where they spent the following four months. During this time 
a series of tests were carried out which involved in all some 70 hours running. 
Meanwhile a large brake fim was attached to the aircraft, in lieu of the rotor, 
and this assembly was ground tested for a period of some 30 hours. The 
purpose of these tests was to establish the suitability of all mechanical parts, 
to gain experience on the working condition of the engine, on vibration 
levels, and other features. After these tests the rotor and the aircraft in all 
its essential parts was dismanded, thoroughly inspected and re-assembled 
for flight trials. The first ground running of the helicopter with the real 
rotor was carried out on 9th May, 1947. It was then found that the control 
forces and vibrations due to manufiicturing inaccuracies in the blades were 
excessive, and tabs were fitted to the bhdes in order to correct these 
errors. These and other modifications gradually improved the rotor control 
sufficiently to permit an increase of rotor speed to the higher speed range. 

Then a new problem arose. On 20th June, 1947, during a ground 
running test, a new kind of vibration was experienced, commencing as a 
slight vertical vibration of the fuselage. It built up, within a very short 
space of time, to violent proportions with visible flapping movements of the 
blades. This was found to be rotor blade flutter, l^e rotor was taken 
back to the spinning tower and showed here t6o flutter signs at unexpectedly 
low speeds. We made investigations and found that, as a result of small 
modifications carried out on the blade, since it had been last on the tower, 
its C.G. was slighdy moved aft of the aerodynamic centre, which caused this 
pronounced reduction in critical flutter speed. Preponderance weights were 
then fitted to the blade, whidi brought the critical flutter speed outside the 
operational speed range. During the following period further refinements 
were made to the rotor controls until, on 27th July, 1947, the test pilot 
rqwrted that the aircraft was ready for a test flight. That day it became 
airborne for the first time, and after a nimiber of fiuniliarisation flights on 
the same evening, Mr. H. A. Marsh had gained sufficient confidence to give a 
number of people short " joy-rides " and had logged 30 minutes flying time 
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that day. Thus the second important milestone on our journey was success- 
fiilly passed. 

The following development was slow and not very spectacular. Five 
hours were made mostly in hovering and slow flight, but we gained expetkncc 
in the control of the aircraft. Many forms of control dampers were tried out 
with varying results, until eventually we decided to use an inertia danqm in 
the azimuth control, and a friction damper in the collective pitch control, 
which, together widi further balancing of the rotor blades, reduced the 
control forces to quite n^ligible proportions. The next few hours were 
spent in more ambitious flying indiiding quicker manoeuvres and an increase 
in speed. , 

The aircraft was then due for another breakdown and inspection, which 
showed that the wearing parts were in very sound condition. As a result 
the previous flight restrictions were removed and the aircraft was now 
officially cleared for flight at any speed and height. This enabled us to 
extend the flight envelope considerably, and to date the following fli^ 
tests have been completed : 

Straight level flights up to a speed of 110 m.p.h. 

Climb at full load up to 6,000 feet. 

Handling and flying under gusty conditions in winds up to 50 m.p.h. 

Hovering at various heights and 

Auto-rotative gUdes at foil load from 6,000 feet. 

In all, the first prototype aircraft has carried out some 30 hours ground 
running followed by 40 hours flying, and a second prototype aircra^ after 
extended ground testing, has taken the air recendy. 

After this brief account of the technical develc^iment of the Bristol 171, 
I shall proceed to give you a description of this aircraft. 

Main Rotor. 
(a) Rotor Blades. 

The three rotor blades are of straight taper in plan form, and a slight 
reflex section gives a stable centre of pressure. The chord thickness ratio 
is 7% at the blade tip and 13% at the blade root. The thin section at the 
blade tip is necessary to avoid shock stall at high mach nimibers. 

The blade is carefully mass balanced at all stations in order to avoid 
pitching moments in flight which would be transmitted to the flying controls 
and to avoid blade flutter which is likely to arise if the C.G. of the section 
lies-aft of its aerodynamic centre. Tabs ^bre provided to correct any manu- 

fiieturing errors and reduce the moment co-efficient ^Mo to zero. 

The blades are of wood and a monocoque form of construction is 
employed. There is a solid laminated spar extending from the L.E. to 
approximately 1/3 of the chord and the rear portion is made up of spruce • 
ril» and trailing edge covered by a plywood sldn. The longitudinal mass 
distribution of the blade is such that biding moments in flight are reduced 
to a minimum. This necessitates a light construction at the blade root, 
becoming heavier towards the blade rip, and this form of mass distribution 
has been achieved by inserting lead weights between the laminations in the 
solid part of the blade at suitable inter^^. 
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Each blade is secuied to the aiicnft by means of two boha passing 
through a number of hotizontsl steel plates wfaidi aie sandwiched between 
the wooden laminations of the blade root. The removal of one of these 
bolts allows the blade to be fiildcd for parking puiposes. 

(b) Mean Rotor Hub. 

The main rotor hub is designed to give the blades four degrees of 
freedom : — 

1. About the flapping pin axis. 

2. About the drag pin axis (all blades coUecdvely). 

3. About the drag pin axis (relative to each other). 

4. About the Pi^ change axis. 

The hub is arranged so that the flapping axes come as dose to tbc lotor 
centre as pmsible. The flapping pins have five drcumfcrential grooves 
whid) cany in them five rows of needle bearings, and the pins themselves 
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tie slightly barrel shaped so that when they are deformed under load the 
needle beuings will share this load evenly. A yoke member connects this 
flai^nng bearing with the dn^ bearing which enqyloys two rows of needle 
branngs. The drag hii^ pin also carries the drag hinge dan4>eis which are 
of the ordinary multiplate frictioD damper form. The drag hinge stops 
arc arranged to give the two d^rees of freedom previously mcntioDM. 

(i) a large movement of all the blades together relative to the hub to 
permit extreme power conditions as well as auto-rotation in flight, without 
contact between the blades and the stops and 

Oi) a lesser freedom of movement for the blades relative to eadi other 
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which is provided by spadng struts and rubber pads between the blades. 
The puipose of this is to ensure that the blades are always spaced ^iprozi- 
maiely 120° apart aod at the same time accommodate a small relative blade 
movemeot which is needed during forward flight. 

The third bearing in the blade articulation is the pitdi diange bcuing. 
This consists of two foumal bearings and a tk rod irtiich fulfils tbe functkn 
of a thrust bearing. This tie rod consists of a number of strands w sectots 
of small cross section iriiidi, iriiilat teaving its tensile strengtli unafiected, 
make it torsionally weak in order to permit the changes of blade pitch required 
for control purposes. The tic rod and the two journal bearings are boused 
in an inner and outer root sleeve. The outer sleeve being attadied to the 
blade and the outtr end of the tie rod, whilst the inner sleeve is attached to 
the hub and the inner end of the tie rod. 

(c) Rotor Controls. 

The outer, blade sleeve carries the blade levers which are connected by 
means of ball joints to the arms of a control spider. This control spider is 
carried by means of xsper roller bearings on a control axle which in turn is 
universally mounnd in the control piston. Now this control piston is moved 
up and down by means of the collective pitch control terminating in the pitdi 
lever in the pilot's cockpit and the control axle and control spider moves 
with it thus rhanging the pitdi of all rotor blades collectively. A &iction 
damper is incorporate in this control in order to damp out any small vibratory 
Slices coming nom the rotor. If on the other hand the control axle is tilted 
about its universal joint in any given direction by means of the cyclic pitch 
control termiiMting in the control column in the pilot's cockpit, then the 
pitch of the three blades is changed cyclically, a TniniTnnm of pitch being at 
the point where the spider arms are lowest, and a nmimiini pitch diametri- 
(slly opposite to this. An inertia damper is incorporated in this omtrol in 
order to danq> out any slight vibtatioa coming fiom the rotor control. 
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Tail Rotor. 
(a) TaU Rotor Blada. 

The three tsil rotor blades, like the main rotor blades, are nude in 
wooden monocoque oonscruction and are attached to the metal blade root 
in the same oumiier as wooden propeller blades. 

(i) Taa Rotor Hub. 

The blade articulation for the tail rotor pennits blade fiqjping about a 
flqqnng pin en^Ioying needle bearings, diag movements on a spherical 
bearing made of Tubol and pitch changes on a taper roller bearing. 

(c) TaU Rotor Control. 

The blade roots our; rigid levers with ball ioints, and short connecting 
xods which arc attached ta a pitch control spider iriiidi rotates with the rotor 
and can at the same time carry out axial movements iriiich are governed by 
a quick thread, a sprocket wheel and a chain which in turn is connected l^ 
cables to the pedals in the pilot's cockpit. 

PowsK Unit and Transmission. 
(a) The power unit of the Type 171 Mark I helicopter is a Wasp Junioi 
engiDe of 450 horse power which has been specially rated to permit over 
speed at take off and landing which is a safety feature of this helicopter 
minst eogine ftihire. The engine in the Mark I is installed with the cnnk 
shaft axis l^ing fore and aft 

The engine gearbox whidi contains a siMral bevel drive of appioniaaXjety 
1 in 2 gear ratio, and a single dry plate dutch with autxMnattc engagement 
by die means of weights acting under centrifugal force, is mounted on Ae 
mat of the engine md the whole power unit is conq>Ietely cowled, and fiu 
cooled by means of a &n carried by the flywheel. This cowling is in steel 




and fire extinguisher equqnnent is provided in accordance with standard 
aircraft requirements. The cooling air enters the fuselage at the top, where 
it assists in cooling the main rotor gearbox before passing througji me power 
unit and finally througji the oudet g^ill just aft of the main undercarriage. 
The dutch engagement commences at 900 r.p jn. and the fiill torque can be 
taken at 1,200 r.pjn. A firee wheel is incorporated within the engine 
gearbox consisting ofan inner driving ring and an outer driven ring. Betv^een 
the two rings a series of slots and pads are arranged which lock these two 
rings against each other if torque is applied in one direction, but release them 
if it is in the opposite direction. The connection between the engine 
gearbox and the main rotor gearbox is by means of the main drive shaft 
vdiich is carried between flexible mountings and which incorporates a weak 
transmission link as an additional safety fiictor. 



(t) Main Rotor Gearbox, 

The main rotor gearbox which is situated immediately beneath the 
rotor hub, contains a reiduction gear, of approximately 1 : 4 gear ratio whidi, 
combined with the engine gearbox gives a total speed reduction between 
engine and rotor of 8. 3 : 1. 

Straight spur gears are used, the main wheel is carried by a steel axle 
which is direcdy attached to the aircraft structure, and the driving pinion is 
carried by a li^t aUoy gearbox which is attached to the base of ibc sled 
axle. This arrangement ensures that deformation due to rotor fi^rces does 
not affect the gearix>x and thus the meshing of die gear. The drive fi^r die 
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tail rotor is also taken from this gearbox by means of a small spird bevd gear 
incorporated in the gearbox terminating in a Universd joint to wfai(£ is 
attached the tail rotor shaft. 

Splash lubrication is used in the main rotor gearbox except for the top 
bearing which is provided with a separate oil feed. 

The tail rotor drive consists of two sted tubes carried by a cumber of 
steadying bearings which he in the bulkheads of the tail fuselage. These are 
plain joumd bearings allowing axid movement of the shidft. The axid 
location of this drive is at the kaee piece of the tail fuselage, where a double 
Universd joint is carried between two bearings which ensures constant 
angular vdodty in the drive, which has a maximum speed of approximatdy 
2,000 r.p.m. 



je 



Tk4 Journal of the HOicopUr 




Briilol Helicopter Typt 171, Mk. liafligkl 

(e) Tail Rotor Gearbox. 

The tail rotor gearbox oontuns a spinl bevel gear giving 1 : 1.6 reduction 
resulting in a manmum speed of the tail rotor of 1,200 r.p.m. The gearbox 
is made of li^t alloy and splash lubrication is used. 



c4t and landing. The tngine is mounied in the aircnft with trte cnnk shaft azii 
TCnical and instead of the usual reduction gear it cairiet directly on the crank shaft 
a flywheel clutch and fan, and the entire power unit is con^kiely cowled and &n 
cooled. In the Mark 11 the main rotor gearbox perfomu the whole gear reduction 
between engine and rotor and contains a two stage straight spur gear and * lachet 
bee wheel. The remainder of the transmission is limilai to the Mark I. 

Airframe. 

(a) The centre fuselage which is a steel tubular structure carries the main 
rotor geaiboxi the engine mounting, the cabin and the tail fuselage. It is 
covert by detachable light alloy panels in order to fadUtate inspection of 
diis vital pan of the aircraft. The centre fuselage rests on a tricycle type of 
undercarriage consisting of a forward castoring wheel and two rear wheels 
af^ of the C.G. of the aircraft. A parking brake is incorporated in the rear 
wheels. 

(b) The cabin consists mainly of Ferspcx panels and l^ht alloy stringers. 
A door is provided on either side giving easy access to the seats (with dual 
concrok) in the front and the two rear seats. A fuel tank allowing 2 hours 
flight is supported by the tubular structure beneath the cabin floor. 

(c) The tail fiiselage is of Ught alloy monocoque construction of conventional 
Bristol design. It consists of an intermediate section attached to the centre 
fuselage, a knee piece which carries a flexible tail skid for the protectioo of 
the tall rotor and flnally the upwardly inclined tail section. The peculiar 
shape of this fiiselage has been determined by rotor clearance on the Mie 
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hand, that is clearance between the blade tip and the knee piece, and the 
ground deaiance for the tail rotor on the other. Inspectum doors are 
suitably placed in the skin to give access to tail rotxu: shaft bearings and 
controls. 

Before concluding this brief description, I would like to mention a few 
aerodynaniic and otto: significant features of the Type 171. The mote 
outstanding is its high rotor tip speed. I have always held ve^ strong 
the view &it the obstacle to high forward speed of the rotating wing is 
vibration due to dissymmetry in the rotor disc caused by : 

(1) The excessive tip speed ratio which gives lateral dissymmetry in 
the form of a hi{^ speed for the advancing blade and low speed for 
the retreating blade. 

(2) The excessive coning angle giving longitudinal dissymmetry in die 
form of a low inflow angle at the forward part of the rotor and a 
high inflow angle aft. 

These features must be avoided as fer as possible and this can best be 
done by the use of high tip speeds. Glauert's figure of merit has often 
been quoted as a criterion for rotor efficiency ; indicating low tip speeds and 
a high thrust coefficient. Thb argument applies, however, o^ to die 
hovering rotor whereas the criterion in forxwd flight is essentially die 
stalling of the retreating blade. The stidled area of the rotor disc increases 
with ^ product of thrust coefficient and tip speed ratio and it can be shown 
that if the tip speed ratio exceeds the value of .4, the mean profile drag 
coefficient increases dis-proportionally and with it the power eiq>ended in 
rotor drag. It is therefore, profitable to increase the rotational speed of the 
rotor rather than the tip speed ratio. There is of course a limit to such 
increase of rotor speed, which is governed by the resultant speed of the 
advancing blade tip. When this reaches a critical value shock stall will 
develop and one is thus Confined to operating between these two limiting 
conditions which approach one another with increase of forward speed until 
eventually the ultimate limit is reached where blade stalling at the retreating 
blade and simultaneously shock stalling at the advancing blade is experienced. 

The Bristol 171, 1 believe, is the first helicopter for which these limita- 
tions have been seriously considered. We have actually adiieved a Mach 
No. of nearly .75 as a combination of about 110 m.p.h. forward speed and a 
rotational speed of 264 r.p.m. 

The Bristol 171 rotor can operate very dose to the ultimate limit of 
conditions and it is hoped that the Mark II of this type which wiU have metal 
blades wUl be able to fly at a speed of about 140 m.p.h. 

There is at present, due to manufiurturing errors in the wooden blade, a 
one per rev. oscillation at high forward speed, but we have not yet experienced 
the critical once per blade oscillations. 

In condusion I would hke to revert to the analogy in my opening 
remarks. The ftuitftilness of the expedition has been mainly due to one 
feaor, which is important to any such undertaking, a good team spirit. It 
has been a large team and there is not time now to mention names, but I 
would hke to take this opportunity of thanking all those who by their unfailing 
efbrt and co-operation have made this venture such a success. 

J8 TU IwMtMd of tlw Hdicopttr 




THIRD LECTURE, 1948. 

Some Technical Aspects of 
W.9 Development 

By J. S. SHAPIRO, A.F.R.Ae.S. 



A lecture illustrated tnith slidts and delivered 
before the HeUcopier Auociation of Great 
Britain on Salurday, 3rd April, I94S, at 
Mamon House, 26 Portland Place, London, 



H.A.MAitSH,A.F.C.,A.F.R.Ae.S.,IN THE CHAIR 



It is n^etUd that omng to lack of space the lecture could not be published 
in full and as there was tnsiiffiaent time for the lecture to be rewritten the 
follomng is published as " E^ucts from the Test." 



Introduction by the Chairman. 

Ladies and Gentlemen, — A number of you may not know our Iccnucr of 
this afternoon and I am glad to be able to tell you something of his past 
experience by way of an introduction. 

Mr. Shapiro has had several years of engineering experience aitd his 
first aircraft appointment was in France working on the design of gyroscopic 
instruments, which post was rudely terminated by happenings in 1940. 
He came to this country and joined Power Jets, working on jet propulsion 
and then had a further period on aircraft instrimients design. This was 
followed by work on electric assister units for airciafit before he joined the 
Cierva Autogiro Company in 1943 as Senior Technical Officer. 

Mr. Shapiro is a Founder Member of our Association, an A.F.R.Ae.S, 
and holds an engineering diploma of the Federal Polytechnic in Zurich. 

It was intended that he should tell us something of the problems of 
multi rotor design, and it is due to circumstances beyond his control that 
the subject had to be changed at a late date and he will now talk instead on 
" Some Aspects of W.9 Development." 

It is again a pleasure to welcome our guests today on behalf of the 
Association. 

MR. J. S. SHAPIRO. 

Mx. Chairman, Ladies and Gentlemen. 

I am going to report this afternoon on some experiences with an experi- 
mental hcUcopter. Considering the rapid progress in this art, I may call 
them early experiences. Some ofthe conclusions which you ^nlLV«3)3.My4»^ 



have been genendly accepted, others are controversial, but all must be 
judged in their context, having r^ard to time and drcumstanoes. 

The Torque Equilibrium of Single-Rotor Heuooptbrs and 
THE Control Forces in Tilting Hubs. 

Static Equilibrium of a Helicopter. 

Figures 1 and 2 show a hovering helicopter and illustrate the principal 
forces acting on it. The torque reaction, being, together with the lift, die 
resultant of all aerodynamic forces acting on the rotor, is represented by 
the moment veaor (^. This vector is a firee vector and defuses direction 

and magnitude only and not a line of action. It is, therefore, depicted along 
an arbitrary line normal to the tip path plane of the rotor. 

For the sake of simphcity it could be taken, to start with, that flapping 
hinge off-sets are absent, and we are, therefore, entitled to assume that the 
residtant rotor thrust goes througji die centre of rotation. As r^ards the 
precise direction of the thrust vector, we can again make assumptions 
identical with those relating to the resultant torque veaor. 

Static equilibrium of a hovering single-rotor helicopter, as that of every 
firee body, requires the fulfilment of six equilibrium conditions expressing 
the absence of resultant force and moment components. 

Most of these conditions are trivial but some deserve mention. For 
simplicity, minor inaccuracies are covered up by the following, somewhat 
loose, terminology — 

As easily seen in Figs. 1 and 2, rotor thrust balances the weight of the 
aircraft. The thrust is vertical in the pitching plane (Fig. 1), but in the 
rolling plane (Fig. 2) a lateral thrust component has to balance the tail 
thrust F. Whilst this tail thrust is represented as being generated by a 
reaction jet, this is by no means an essential feature of the present argument. 

Moment equilibrium is established as foUows. Qj^ is the rotor torque 

reaction. The moment vector (^, representing the couple between tail 

force and lateral thrust component, which, again, is a free veaor, is shown 
along a line intersecting the line of the moment veaor representing torque 
reaction, and the direction of the compensating moment is at right angles 
to the plane defined by the line joining the rotor centre with the centre of 
the tail thrust and by direction of the tail thrust itself. 

The main thesis of this chapter is a faa of elementary simplicity, but 
too often overlooked, that the compensating couple can only fully balance 
the rotor torque reaction when their two lines of action are parallel and that, 
consequently, if an angularity exists between the two lines of action, an 
unbalanced moment is present which we have termed ^ residual torque ' and 
which may have pitching and rolling components. 

It is clear that since the direction of the rotor torque reaction depends 
on the tip path plane and the direction of the compensating moment depends 
on a plane defmed by the aircraft, the residual torque is varied whenever 
the tip path plane is displaced with regard to the aircraft. 

Furthermore, any increment of residual torque, caused by an angular 
displacement of the tip path plane, aas about an axis at right angles to the 
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axis about which the inclination of the tip path plane takes place. These 
relationships are quite fundamental and endiely independent of the control 
system of the rotor provided only that direct control is i^lied, f .«., die 
rotor is displaced relatively to the aircraft. Residual torque components 
in pitching and rolling must be compensated by pitching or rolling coupks 
if equilibrium is to be maintained. These can only be generated by off-sets 
between the line of action of gravity apphed at the eg. of the aircraft and the 
line of action of the rotor thrust applied at the rotor centre (See Figs. 1 
and 2). 

Forces in Direct Rotor Controls. 

To examine the influence of these relationships on control forces it is 
now assumed that in a certain position which may correspond to the neutral 
stick position, the hovering hehcopter is in equilibrium and, for the sake of 
generality, it may be assunied that this equilibrium is associated with pitching 
and rolling moments balanced by the above off-sets. We now proceed to 
incline the rotor by application of control in the pitching sense and it follows 
fixnn the above that, before motion sets in, apart firom an unbalanced pitching 
moment which is dbe primary purpose fbr applying pitch control, a rolling 
moment is also generated. Whilst the pitdung moment is proportional to 
the thrust and the change of tilt in pitching, the rolling moment is propor- 
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tional to the torque and equally, to the change of tilt in pitching. Up to 
this point we have ascertained that the rolling moment always finally acts 
on the aircraft but it depends on the control system in what way this rolling 
moment is transmitted. 

It is further concluded that in a cyclic pitch controlled rotor this rolling 
moment increment is transmitted entirely through the mechanical axis of 
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the rotor and througji its bearings to the aircraft. However, when the rotor 
is controlled by tilting, the rolling moment increment, arising as a consequence 
of pitching inclination of the rotor tip path plane, is transmitted pardy 
througji the mechanical axis and pardy througji the control mechanism 
itself 

The former statement can be very easily illustrated by representing the 
rotor by the centrifugal forces of the blades acting along their longitudinal 
axes, this being a very useful piaorial simplification adequate in most 
instances. Inclmadon of the dp path plane is identical with first oder 
flapping which causes the longitudinal axes of the blades to have different 
vertical components on both sides of the rotor. Since these components 
aa at an off-set from the axis of rotor due to the torque, the presence of a 
lateral or rolling moment is immediately visible when fore and aft flapping 
takes place. (Figs. 3 and 4). 

To find the proportion in which residual torque increments are trans- 
mitted direcdy to the aircraft or indirecdy through the control mechanism 
in a tilting rotor, we have to examine the torque transmission mechanism 
of the rotor. In the first place, we examine a constant velocity joint in 
which torque is transmitted through pressure elements always maintained 
along the line bisecting the angle between the input and output shafts of 
the joint. It is dearly seen from the diagram in Fig. 5 that half the residual 
torque is transmitted through bending of the input shaft and the other half 
appears as a lateral tilting moment acting on the output shaft, and therefore, 
loading the control medbanism. 

If, instead of a constant velocity joint, an ordinary Hook's joint is used, 
the proportion of the two moments varies periodically between two extremes 
in one of which the entire residual torque is transmitted as bending of the 
input shaft and in the other the entire residual torque is transmitted as a 
lateral tilting moment on the tilting hub and hence as a control force. 

Among various arrangements examined is one in which the rotor is 
tilted together with the main speed-reducing gear bok ; in such a case the 
only forces arising from the drive are those associated with high speed torque 
and these are only of secondary importance. It can then be demonstrated, 
however, by examining the gimbal mechanism on which the rotor with its 
gear box is suspended, that, on the average, half the residual torque wiU 
still be transmitted through the control linkage. 

It ought to be emphasised that since the total travel of a control column 
is a constant determined by the pilot's convenience, maximum stick load is 
proportional to the square of the angular range associated with maximum 
stick travel. In view of this quadratic relationship, it is impossible to 
predict the forces in a tilting control without precise knowledge of the 
required range of tilt, which can only be foimd by experience or comparison 
witii other helicopters. 

From the pilot's point of view the transmission of part of the residual 
torque through the control mechanism is felt as a control force at right 
angles to the stick movement. Though the control force as such can be 
eliminated in an irreversible mechanism, an unbalanced resistance to the 
application of control remains. For instance, whilst a certain amount of 
fore and aft control is maintained, an application of control to port has to 
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overcome the control force due to residual torque, whilst an application of 
control to starboard is aided by residual torque. 

Powered Control Systems. 
Given the range found necessary to control the W.9 machine, the 
control forces due to residual torque can be shown to exceed the per- 
missible level for precise and comforuble response by the pilot. They 
represent the only aspect in which a tilting power driven rotor is firnda- 
mentally different from a similar autogiro rotor. 
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Among other causes responsible for control forces, there is fiiction 
which, in some autogiros haviog plain bearings for flapping hinges, has been 
responsible for excessive control forces. This is not the case with roUing 
bemngs and the needle bearings provided in the W.9 are quite adequate 
for this duty. However, in a rotor with flapping hinge off-set the presence 
of ftipping, such as in forward flight conditions, causes a biasing moment 
transmitted througji the control linkage in a tilting controL This biasing 
moment, in contrast to that arising from residual torque, is partly in phase 
with the control displacement. It can be used to provide a measmre of 
^ stick firee " static stability. Its neutral position and characteristics can 
be, to a la^ extent, controlled by selection of the tilting hinge of the rotor. 
Hie stability aspect was not intended in the W.9 madiine. It could not 
be used because of the large forces involved and originally also because of 
the out of phase component of biasing moment. 

At that stage the order of magnitude of control moments was investigated 
on reasonable assun^mons under adverse conditions, mainly high speed 
forward flight, and it was found that moments of the order of 200 or 300 
lb. ft. occurred due to residual torque and moments of the order of 400 to 
500 lb. ft. occurred due to flapping hinge off-set, the latter moment, originally 
found to exist in equal measure in bodi roUing and pitching could, later on, 
with the introduction of the compound back couplmg linloige, be confined 
to pitching moments only. 

By suitable positioning of the rotor centre against the eg. of the aircraft 
and suitable arrangement of initial angularity of the dnve, maximum 
moments could be reduced to half the above value. It is dear, however, 
that moments of this magnitude are beyond the power of a human pilot. 

It was decided to apply a powerised control system installation which 
had been contemplated from the b^inning. Upon examination it became 
evident that the most el^ant solution, from the mechanical point of view, 
was a hydraulic assister unit on the foUow-up principle and the unit chosen 
was a pair of Lockheed '' Servo-dyne " jacks which are hydraulic servo 
motors charaaerised by the following features : — 

(a) Positional correspondence is ensured by placing the follow-up valve 
on the moving part of the servo motor and arranging the pressure 
and return lines througji flexible hose connections. 

(b) Double action is obtamed by arranging different effective piston 
areas for the two senses of motion and maintaining continuous 
pressure on the smaller area, wUlst controlling, on and off, the 
larger area. 

(c) The " Selector " or follow-up valve is of the poppet type and the 
fluid pressure is counteraaed by spring loading of the valve 
elements. 

This last feature is responsible for an extremely small lost motion 
(of the order of 3 thou.) but caUs for a comparatively large iiqnit 
force to control the '' selector " valve. 

Though in the course of flight testing there have been many modifications 
to mechanical details such as lever ratios, selector valve spring loading, and 
ratio between pitching and rolling control, the assister uMt installation can 
be regarded as a complete success. In spite of initial ** sales '^ resistance 
die test pilot became accustomed to die feel, or rather lack of feel, of 
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an assisted control mechanism of this type and the control force could be 
adjusted to suit the pilot's convenience. A^r several dozens of hours of 
flight and operations on the ground involving an estimated number of ocMttrol 
movements running into several 10,000% no mrchaniral trouble of any kind 
has been experienced with the installation. 

Torque Compensation by Tail Jet using Engine Waste Heat. 

Response to Yawing Control. 

The basic conception' of a tail jet is sinmle and no different fundamentally 
from the tail airscrew. Physically, both forms of thrust generating devices 
embody the reaction principle and are subject to the law that thrust is 
proportional to the square of the velocity of the reaction jet and the power 
expended to generate the thrust is proportional to the cube of that velocity 
and it is, theiefore, more advantageous to work with low velocities. Hence, 
to attain a given thrust, both mass flow and area of jet must be as large as 
possible. One difference between airscrew and jet is that the effective area 
of the jet may be equal, to that of a (well designed) orifice, whereas the area 
of the airscrew slip stream is only half the disc area of the airscrew. 

It follows from this simple consideration that, given equal conditioiis, 
an airscrew wUl be more efficient as it is quite impossible to design jet 
orifices even approaching half the size of a reasonable airscrew disc area. 
Conditions, however, are not equal in several respects. 

1. The required magnitude of thrust for torque compensation natural^ 
depends on the Stance of its line of action fix>m the axb of die 
rotor. It is quite conceivable that an orifice may be placed furAer 
out for an equal weight of tail structure as compared with an 
airscrew involving a concentrated weight and giving rise to 
vibrations. 

2. It is possible to improve jet performance by the addition of waste 
heat from the engine. Althougji the amount of heat is large, the 
benefit from the addition of heat depends entirely on the pressure 
level at which it is added. The h^est pressure level can only 
be equal to the dynamic head of the reaction jet. It is dear, 
therefore, that a larger, and therefore more efficient orifice, leads to 
a reduced benefit from the addition of heat. 

3. The very size of the tail airscrew makes it necessary to raise its 
axis, mamly to enable the helicopter to carry out certain manoeuvres 
near the ground which require a tail-down attitude. Such raising 
of the airscrew axis is accompanied by additional weight, whidi is 
equivalent to additional power. 

The jet reaction system was mainly proposed for reasons other than 
performance considerations, principally for the sake of avoiding vibrations 
in forward flight and for safety near the ground. The latter feature un- 
doubtedly remains a valid argimient in fiivour of a jet, but it is felt that, in 
the meantime, designers of tail airscrews luive succeeded in eliminating 
vibrations peculiar to that source and it can no longer be regarded as an 
argument against the tail airscrew. The original opinion that a jet offers 
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less diag in forward flight is totally wrong. Although a jet installation lends 
itself more easily to the arrangement of a fin which can furnish all the torque 
reaction requir^ at and above cruising speed for approximately 2 — 2^% 
of total power, with due refinement a tail airscrew may furnish the equivalent 
of 1 or 2% in the form of thrust. It is seen, therefore, that this aspect is 
altoi^her marginal. 

Sununarising, it can be said that the jet system, when properly laid out, 
is marginally inferior in performance, but offers safety to personnel on the 
ground. 

It is, however, in the control of the tail jet which constitutes the yawing 
control of the aircraft that the greatest difficulties arose. The original design 
was arranged to provide a throttling control on blower intake by moving 
shutters. This proved to be a problem in mechanical design which could 
only be satisfiiaorily solved by die addition of considerable weight. It was 
abo realised that any type of throttling tx>ntrol, whether applied to blower 
inlet or orifice oudet, would require a continuous power input to the blower 
corresponding to the highest value of thrust required at any time during the 
application of the yawing control. Experience showed that the variation 
of thrust for yawing control comparable to control by tail airscrew required 
an increase in tail thrust of the order of half the average value for torque 
omipensation in hovering. The power increase is even greater than the 
percentage of thrust increase and 50% of increase in thrust would amount 
to 84% increase in power, which, in the drcumstances, was not acceptable. 

These considerations led to the construcdon of a variable pitch fim of 
all metal design whidi was fitted to the machine. Althou^ a mechanical 
solution for controlling the torque reaction jet was thereby fiilly achieved, 
the method of jet control " at the source " proved to be inadequate in 
ooaqMurison with the yawing control provided by a variable pitch tail airscrew. 

The disadvantage^ attributed to this form of control are as foUows : — 

1. The control is sluggish, that is, its effect is felt after an appreciable 
lapse of time foUowing the application of control. In view of lack 
of measurements, it is difficult to state in terms of physical mag- 
nitudes what predsely is the meaning and magnitude of the time 
lag and whether the sensation of angular acceleration or the obser- 
vation of the change of position is predominant but, for what it is 
worth, the pilot states that the delay in control effect is of the order 
of 1 to 2 sees. The cause of this delay is believed to be due to 
the compressibility of the air and must depend on the cubic capacity 
of the tail which acts as a pressure vessel. In fiia, were dbe air 
incompressible, an increase in blade pitch would produce an 
immediate rise in pressure throughout die tail and the jet would 
commence accelerating immediately until the jet velocity acquires 
a new equilibrium Yalut. The period of acceleration already 
constitutes increased thrust. It is dear that the diief weakness of 
the W.9 installation, in having the blower moimted very far forward, 
was a feature greatiy contributing to this particular disadvantage 
of yawing control by jet reaction. 
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2. Whilst the continuous expenditure of power by jet torque reacdoii 
may, as mentioned previously, be justified on perforxnanoe grounds 
alone when everything is taken into consideration, such an increased 
expenditure of power per unit of torque causes large power variations 
to accompany an application of yawing control. The effect is 
inseparable from any type of torque compensation involving die 
expenditure of power unless special interUnkage mechanisms are 
used. The magnitude of the effect may make it irksome to the 
pilot, especially if he is used to a different level of variation. 

Undoubtedly, the oonibination of the two disadvantages is an added 
difficulty for the pilot because, in the attempt to reduce the control lag, he 
increases the amount of control unnecessanly and thereby aggravates die 
interference with rotor power. 

Hovering STABiury of Heuoopters with Rotors having 
Pronounced FuippiNG/PrrcH Coupling. 

At the time when the following investigations were made, hoverii^ 
stability of helicopters was known in its application to machines widi counter- 
rotating rotors of the superimposed or side-by-side types. Such marhinrs 
offer, in principle, a substantial siixq>Ufication of analysis due to the fiict that 
hovering stability can be examined sqNuatdy in the two principal planes of 
the machine, luunely the pitching and rolling planes. A further simplifi- 
cation is made if blade flapping or, what amounts to the same, the inclination 
of the tip path plane is not consider^ a separate d^ree of fireedom. Hoverii^ 
stability then mvolves only two d^rees of fireedom, namely fore and aft 
movement and tilting in pitch of the whole aircraft, and leads to characteristic 
equations of the cuUc type which can be solved with very litde labour. 

The elimination of flapping as a degree of fireedom implies that the 
ti^ path plane adjusts itself to the general motion within a time interval of 
ne^gible length in comparison with the natural period of the general motioa. 
Flapping, therefore, enters the picture only in its effect on the derivatives of 
the rotor force and moment with regard to motion in the two d^rees of 
fireedom. 

In actual fact, in a single-rotor helicopter, there is no inherent reason to 
separate the pitching and rolling planes. There is, in fiict, a side force 
generated by forward motion and vice-versa. In what foUows it will be 
seen that these '' cross " forces and moments are of decisive importance in 
a single-rotor helicopter from the point of view of control and the develop- 
ment of the " compound back coupled " rotor can, from the point of view 
of stability and control, be simply expressed as the elimination of coupling 
between the pitching and rolling planes of motion (or any other two planes 
through the vertical axis of the machine normal to each other). 

In the first place, a considerable amount of work was done whilst 
disr^arding the coupling terms in an endeavour to establish stability and 
control features derived from the ** flat tracking " properties of the rotor 
irrespective of phase relationships. It was subsequentiy found that the 
conclusions reached from such investigations can be applied, without 
modification, in principle, to a practical rotor in which the coupling is 
eliminated instead of being disr^arded. We shaU, therefore, regard the 
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results as ^iplying to a " fiat " tracking lotor of any description, that is a 
rorar in whidi the flapping is automaticaliy substantially rediuxd as compared 
with a fireely flapping rotor. 

As is well-known nowj single-rotor helicopters are generally unstable 
in hovering in the sense that, when left to themselves after a disturbance, 
they carry out an oscillating movement involving both tilting and fore and 
aft tramlaiion which motion is sclf-ezdtcd and has a n^uial period measured 
in seconds and a rate of amplification which depends to a large extent on 
the design parameters. 

The investigation was coacemed with the influence of important design 
parameters on the amplification factor and the natural period of the ficc 
motion of the machine. Most of the conclusions are to-day well-known 
and have been verified by various investigators so that emphasis is put here 
on the effect of " flat tracking." 

Before dealing with the influence of" flat tracking," we roust point out, 
however, one feature which is usually surprising to designers, namely that 
high inertia of a machine has a destabilising effect in the sense of increasing 
the amplification faaor. Although hi^ machine inertia also increases 
somewlut the natural period and makes it, therefore, easier to deal with 
instability, beyond a certain machine inertia all other design parameters 
become of decreasing importance. Expressed in practical terms, there is 
likely to be less difference between single-rotor helicopters in the pitching 
plane than in the rolling plane. 

Vf.9 Stability in Hoveriag. 




The main result of this investigation is the destabilising effect of " flat 
tracking " expressed in a linear increase of the amplification Actor with 
the pitch change ratio, whilst the natural period remains almost unaffected. 
This is particularly visible with low machine inertia (rolling). The result 
is surprising in a sense, and emphasises the importance of investigating 
the machine as a whole rather than the rotor itself. In visual terms, it points 
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to tfae conqiletet^ nusleading natun of observations made on a model whea 
die hub is rigidly mounted. In such a model a high negative i«tdi change 
ratio, by making the rotor more " flat tracking " and reducing dw oscil- 
lations of the tip path plane caused by casual disturbances in the wind tunnel, 
! produces the impression of stability. It b this iq>[Hueot stability which has 
ed to die expression " gust stability," and whilst it is true that in a rotor 
widi a high pitch change latio the rotor plane is less disturbed in relation n> 
the hub, this does not mean subility of tfae machine as a whol^ but the 
very opposite. 

Related to more systematic investigations leading to explicit expressims 
for the amplification hctot, it can be said that the moment 'derivative of 
tilling motion and tfae force derivative of translational morion have a stabilising 
e&ct whereas the moment derivarivcs of translarional modon and tfae force 
dcrivarivcs of tilting modon have a destabilising efiiect. Numerically, both 
moment dcrivadvcs arc tfae more important ones. Roughly speaking, the 
main effect of a negative pitch change ratio is to reduce both moment 
derivatives. It has, therefore, both a stabilising and a destabilising efiisct. 
However, in a first approximation the anq>lification factor is proportioaal 
to dw nunnent derivative of translational motion and inversely proportioad 
to the square of the moment derivative of the tilting motion. The nett 
effea oi a negative pitch change ratio is, therefore, destabilising. 

W.9 Compound Back-Coupltd Rotor. 
Rtlations benaten Furulional and Geomttric Parameleri. 




It is known that tlicse invcstigatioiis were based on several approxi- 
tions. It has already been mentioned that flapping as a separate d^rcc 
of fteedom was eliminated. The vertical and yawing d^recs of tVeedom were 
also neglected. Both these approximations arc amply justified. Further- 
more, the resultant rotor force was assumed to be normal to the tip path plane 
and, moreover, in the tilting motion no dissymetry of the slip stream was 
considered. Both approzimadons arc unjustified, and have been corrected 
by a more cxaa treatment. The results surest that numerical \^ucs arc 
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sufficiently modified to make it desirable to avoid the last two approximations 
wherever the actual magnitudes are of importance, but nddier of these 
approzimatioDS is responsible for a shift of emphasis in the general conclusions 
reached. 

Ifowevcr, the disregarding of coupling between the pitching and rolling 
planes, in the presence of a h^ negative pitch change ratio which produces 
considetable out of phase Aiding in rotational and tnmslational motion 
i^ipeared to be totally unfbimded and an investigation was carried 
out taking into account all four degrees of freedom. The equations of 
motion led to four simultaneous differential equations, the chaiacteristic 
equatioD of which was of the sixth degree. Numerical values were intro- 
duced and applied to the W.9 machine, but, for the sake of generality, the 
method of flapping reduction remained unspecified and was merely intro- 
duced by a coefficient expressing a reduction of flapping in phase with the 
direction of motion to 1 /3 of the freely flapping rotor. The out of phase 
ccmiponcnt of flapping was given values beginning with and endii^ 
with a con^neni of equal magnitude to the in-phase component. The 



coefficients of die scxdc were plotted agginst die lado of die derivadves in 
die two phases and most coefficients found to be symmetrical about the 
zero value. The numerical soludon of die sexdc was carried out by the 
Mathematics Division of the N.P.L. and the results showed that no cridcal 
increase in instability was introduced through die coupling between die 
rolling and pitching planes. On die contrary, die hi^iest amplificadcm 
Actors were reduced by the existence of the coupling which signified, as it 
were, that the lower instability in die rolling plane and the higher instability in 
die pitching plane are mixed into an intermediate instability when the two 
planes are cross-coupled. 

Response to Azimuth Control of Heucopter. 
With Tilting Rotor and Pronounced FLAPPiNG-PrrcH Coupjjng. 

The investigadons summarised under this heading are concerned widi 
the behaviour of a helicopter arbitrarily constrained to dlt about an axis 
through its eg. This axis can coincide widi die pitching or rolling axis and» 
to be specific, the pitching axis was chosen. In this instance, t^ flapping 
of the blades expre^ed by die inclinadon of die tip padi plane was ocmsidered 
a sq>arate de^ee of freedom. The modon, therefore, consists of two degrees 
of freedom, viz., rotation of the machine about a horizontal axis throu^ its 
eg. and inclinadon of the tip path plane relative to a chosen reference plane 
fixed in the machine. 

Viewed in this light, it is immaterial whether out of phase Oxppiog 
exists and the investigation does not reveal its effect. Consequendy, results 
reported here are the same whether we disr^ard the out of phase flapi»ng 
or eliminate it through a compound linkage. 

Apart from the existence of cross coupling between the pitching and 
rolling planes, these calculations also exclude die translational motions to 
which the real machine is subject once die hovering equilibriimi is disturbed 
by the application of control. Furthermore, the calculation assimies that 
a control displacement is completed instantaneously. 

At the time, the calculations were carried out to crystaUize the influence 
of control parameters in the comparison between hovering helicopters of 
various types. It is believed that the results do, in fact, reveal significant 
features and measure magnitudes of real value in judging the control of a 
helicopter. The reason is that control displacement can be applied within 
time intervals which are negligible compared with the duration of motions 
here considered and that the &t few seconds of the motion of the machine 
initiated by a control displacement are unaffected by the interaction between 
the translational and rotational degrees of freedom. On the o&er hand, 
die existence of out of phase force and moment components has proved to 
be a decisive feature causing inability of the pilot to control the W.9 machine 
in hovering until these out of phase forces and moments were substantially 
eliminated. This aspect will be discussed fiilly in the next chapter. 

Perhaps it is profitable to proceed fix)m the physical aspect. It would 
seem that the essential difference between control by cyclic pitch change 
and hub tilting, when both are associated with flapping hinge off-set, is that, 
in the cyclic pitch controlled rotor, the tip path plane is tilted first, and as 
soon as the tip path plane is inclined, the centrifugal force of the blade 
exercises a so-called T bar effect on the hub, producing a powerful moment 

S2 The Journal of the Hglicopt^ 



in the same dirccdon as the moment of the resultant rotor thrust about the 
eg. of the aircrait. When the aircraft attains a certain rate of pitch this 
nie causes a backward inclination of the tip path plane and wpg"hr accelera- 
tion ceases when the backward inclination restores the tip path plane to a 
position where the moment about the eg. vanishes. 

IP, 9 Rotor Sytum. 
Flapping Cotffidttm during 10 d^.jsec. Tilting Motion. 




When, on the other hand, the hub is tilted, durii^ the initial period, 
the tip path plane has not moved yet the " T bar effect " works the opposite 
vny uid the machine actually experiences a reverse acceleration to start with 
In die next' phase, the tip path plane has followed the hub and exercises a 
moment by virtue of the inclination of the left vector but without T bar 
efifect. Finally, equilibrium sets in when the same condition is fulfilled 
as above. 

The main object of these calculations was to establish whether the 
initial period of acceleration is responsible for a difference in behaviour 
which is likely to affect control from the pilot's point of view. The result 
of the calculations can be expressed numerically in a very simple way. A 
given amount of control displacement corresponds to a steady rate of tilt 
to which the machine setdes down, asymptotically. A line, representing 
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tins rate of tilt in a graph giving the angle of tilt upon time, cuts the time 
axis at a point whid^ can be taken to represent die initial delay between 
die instant of appUcation of control displacement and its effect on the 
machine. An illustration shows initial delay and rate of tilt ahnost identical 
in the R.4. and W.9 machines and gives an idea of influence of flapping 
hinge off-set and pitch change ratio. It is seen, for instance, that an increase 
in flapping hinge off-set reduces the rate of tilt in die tilting hub controlled 
machine but has no effect on the rate of tilt in a cyclic pitch controlled 
machine. A pronounced negative pitch change ratio increases both the 
rate of tilt and the initial delay in a tilting hub controlled machine and has 
die same effect on a cychc pitch controlled machine. The latter combination, 
incidentally, represents a hypothetical rotor not attained by any known 
blade articulation. 

These investigations showed further, when compared widi the calcula* 
tion of instability, that in a W.9 type of hub, all parameters which reduce 
instability, such as larger hinge off-set, lower pitch change ratio and higher 
blade inertia, also slow down control response, in the sense of reducing die 
rate of tilt. But rotor height (above eg.) when increased up to a oertun 
limit marginally reduces instability and quickens control. Machine inertia 
whose increase makes instability worse, has no effea on control rate of tilt 
but increases the initial delay following the application of a control displace- 
ment. These residts apply to a tilting hub. With cyclic pitch control an 
increase in flapping hinge off-set both reduces instability and quickens die 
control response. 

Compound Back Coupung Linkage. 

In this context the relevant aspect of this linkage is its functional 
purpose. This can simply be described as a mechanism ensuring the 
absence of out of phase components of forces and moments in the motion 
of the rotor following the application of control. It can equally well be 
described as the elinunation of " cross " derivatives in free rotor motion, 
for example, translational movement of the rotor in a direction X produces 
forces and moments on the machine substantially only in the plane containing 
the rotor axis and the direction X. A simple flapping rotor widiout 
coupling between pitch change and flapping fidfills this condition, though 
not accurately, but to an acceptable degree. 

In view of many misconceptions encountered since the introduction of 
this linkage it is desired to emphasise that it differs fix)m the simple pitch/ 
flapping coupling only in the. presence of rotor motion. Once that motion 
ceases, or if no such motion can take place, both the simple pitch flapping 
coupling and the compoimd linkage produce the identicsd result — ^namely, 
that upon the application of a control displacement, the rotor, after a very 
brief transient, but highly stable motion, setties down to a new position in 
strict sympathy with die control displacement in magnitude and direction. 
It is dear, therefore, that the difference could hardly be discovered by 
merely observing the manner in which a model rotor, mounted on a rigid 
base, follows the application of tilting control. 

Further, the effect of out of phase forces is clearly a matter of degree. 
No rotor system can eliminate all '' cross " components under all 
conditions and the degree to which such rotors have been flown successfully 
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shows that ** cross " oomponeiitSy up to a certain magnitude, are acceptable. 
This aspect emphasises die importance of a practical flight test since in 
invohres the translation of himian reactions, in a manner not hitherto generally 
eiq>lored or summarised, into physical magnitudes. It is dear, therefore, 
diat had attention been concentrated from the start on the phase aspect of 
rotor response to motion and control, there would be no means of telling 
whether ** cross " components were excessive or not except by a practical 
fl^t test in full scale. 

In fiurt, to some extent, calculation woidd have been misleading as 
analysis would have to concentrate on the instability which, as was proved 
later, does not deteriorate in the presence of ** cross " derivatives. 

The choice of means for the elimination of " cross " components was 
dictate! by mechanical considerations, having regard to the design of the 
existing hub. The " compound back coupling linkage " constitutes one 
such method which has the advantage that, from the mechanical aspect, it 
is no more complicated than the simple pitch/flaming coupling. The 
essence of die mechanism is that the pitch angle of each blade depends 
uniquely, and in the simplest case linearly, upon the sum of two terms 
being constant midtiples of the flapping angle of the blade itself and that 
of die preceding blade respectively. 

This definition, although it fully characterises the adopted mechanism, 
does not represent the most general expression of the fundamental require- 
ments. This must be expressed in terms of the following magnitudes : — 

1 . Ratio between maximum amplitudes of pitch variation and flapping 
oscillation — d. 

2. Non-dimensional blade inertia about flapping hinge expressed 

by J/K. 

3. The azimutii angle (a) between die phase of maximum flapping 
and die phases of maximum pitch amplitudes of any blade moving 
through a revolution. This phase difference can be roistered in 
a variety of ways, none of which is a direct materialisation of its 
fundamental definition since, of course, no blade can be in two 
places at the same time. In reality die phase displaconent can 
be introduced in one of the following ways : — 

(a) By making use of a neighbouring blade. 

(b) By introducing a datum expressing the steady motion of all 
blades. 

(a) was the method actually used, of which only the mechanical design 
IS new. The idea of coupling between neighbouring blades was first con- 
ceived by Oemichen and a combination between such interconnecticHi and 
a direct pitch change linkage was already mentioned by Young, thmigh in 
an apposite sense and without realising its limitations. 

Method (b) has not been previously proposed or used. 

Aldiough die two methods are equivalent in fiilfilling the basic require- 
ment of phasing, they are different in their response to motions involving 
higher harmonics of flapping than the first. 

The fundamental requirement refers to specific elementary motions of 
the rotor. It is fortunate that the two \ksic types of rotor motion, 
namely tilting and translational motion, do not lead to omtradictory 
requirements and tilting motion can be taken as the determining condition, 
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bong much easier to handle analyticilfy in view of the absence of inbemu 
second haimomcs of flapping. 

We can now expn^ the fundamental requirements in die following 



d COSa 



,1 



It can be eastljr verified that for anjr reasonable values of J/K and a value 
of d around 2, the fundamental requirement cannot be fulfilled by either a 
direct pitch/flapping linkage or a pure " backed coupled " linkage and most} 
therefore, be met by a compound linkage excqn in a siz-bladed fotor where 
a pure " back coupled " linkage is possible. 

Leaving the generalised expression we concentrate cm the actual 
T»whnni«m incorporated in die W.9 rotor. A drawing shows the mechanisoL 
The essential dimensions of this drawing are e, g and f ; their effective 




ratios are — p ^ g/f, q = c/f, referred »> as the direa and advanced pitch 
change rados. These two fbrm the coefficients in the expression for the 
blade pitch, where 6^ is the representadve geometric pitch of blade No. 2. 
6„ is the pitch setting at zero coning, p^ ^^ B^ppiog angle of blade No. 2., 
/}, the flappii^ angle of the preceding blade No. I. 
*, = tfo — Pj9, — qiS. 
To characterise this rotor system quandtatively, the most significant 
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built'in geometry parameters are the following combinations of the above 
ratios p and q : — 

1. The coning ratio kc = p + q* 

2. The advance proportion s = - 

The coning ratio is important on its own as it determines the behaviour 
of the rotor in all symmetrical flight conditions such as vertical dimb and 
descent, and, in this respect, is the equivalent to the pitch change ratio in a 
simple linkage. 

However, the operationally significant magnitudes are the ratio d£ of 

mflTimiiin effective pitch variation to the maximum flapping amplitude and 
the an^e a£ between the phase of maximum flapping ami the phase oi~ 

maximum effective pitch variation. Effective pitch is the sum of geometric 
pitch and die first harmonic of flapping, which sum, in conjunction with a 
given sUp stream velocity, determines die incidence and hence lift of the 
blade. These operational parameters can be expressed in terms of geometry 
parameters. 

The importance of d£ and a£ derives from the fact that they are 

simply oonneaed with the magnitude of flapping Co during a steady rate of 
tilt and with die azimuth angle ^o between the phase of maximum flapping 
ampUtude and the normal to the axis of tilt. 

In numerical terms relations are given in graph form which is self- 
explanatory. It is seen that with coning ratios kc between two and fi»ur, the 
advance proportion to achieve flapping in phase with the normal to tibe 
axis of tilt (i^o = 0) is around unity and this advance proportion was 
actually adopted in the W.9 machine whilst the coning ratio was maintained 
at 2. A graph shows d£ as a function of p for equal kc. 

It is to be noted that nimierical relations are not gready affected by 
flapping hinge off-set and its elimination means a great simpUfication in 
die formulae. 

Blade flapping motion in forward flight was investigated by setting up 
equations of motion incorporating the two first harmonics of flapping and 
solving 5 simultaneous differential equations for various advance proportions 
to obtain the unknown flapping coefficients. Calculations were carried out 
for a coning ratio of two and the results are presented showing 
the maximum ampUtudes of first and second harmonics of flapping Ci and 
Cft, the tangent of the out of phase azimuth angle bi/ai, and die coning 
angle as, at a tip speed ratio of M = .35 and a through-flow ratio A corres- 
ponding approximately to level flight with a given forward drag. It is seen 
that the maTinnim ampUtudes of flapping vary but littie over the whole 
range of advance proportions but the phase angle alters considerably, going 
through zero around an advance proportion of unity. 

These investigations also show that with a coning ratio of zero, there 
is some out of phase component of flapping which can be eliminated by 
introducing a direct pitch/flapping c6upling of .4. 

The behaviour of a machine equipped with a compound back coupling 
linkage in regard to performance, control and hovering stability has already 
been referred to under the appropriate headings. Summarising, die 
elimination of out of phase components of flapping leads to a behaviour as 
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predicted in a machine in which die out of phase component is disregarded^ 
provided d£ has die same value. On die basis of equal coning rado, the 

compound linkage is slighdy more effective. In performance oomputadons 
it is presumed that the coning rado alone is of any consequence and influences 
r.p.m. requirements at a given setting angle throughout the forward speed 
range. 

When die W.9 machine was equipped widi die compound linkage, it 
became at once controllable in hovering and it must be concluded, therdfore, 
that out of phase components of flapping q>proaching in magnitude the 
in-jdiase components during the appUcadon of control are unacceptable to 
the hdicopter pilot and make it impossible for him to control the machine. 

Several hours of flying were logged with this set up in its final form, 
incorporating several adjustments oflever rados, etc Anddpadng further 
findings, it can be said broadly that ** azimudi " control was succe^fiil aod, 
after some adjustments, could be considered as equivalent to the Sikorsky R.4 
midline in flying qualides. 

The above account is necessarily incomplete, but it is believed that the 
selecied topics represent diose aspects of the many phases of W.9 devdopment 
which are of gei^ral interest from the technical point of view. 

It has been said that experience consists in learning from other people's 
mistakes. The Qerva Autogiro Co., it's Chief Designer, Mr. C. G. Pullin, 
and my colleagues had to learn from dieir own mistakes. In view of the 
record of the Company and it's associates in the devdopment of Rotating 
Wing Aircraft, they can afford to be candid in the assessment of past ex- 
perience true to the motto of Frauds Bacon : ** Truth emerges more easily 
fiom error than from confusion." It is this spirit which enables us to look 
oonfidendy into the future and await the unfolding of subsequent devdop- 
ments representing At materialisadon of years of experience in pracdail 
machines for pracdcal users. 

References from which general informadon has been extracted are too 
nunierous to be listed. I have to acknowledge gratefully the hdp of my 
colleagues on die Staff of the Qerva Autogiro Co., and wish to express my 
appredadon of the company's permission to disdose the informadon given 
in this paper. It gives me pardcular pleasure to acknowledge the continued 
support given to our work by die Ministty of Supply and, in pardcular, by 
Captain R. N. Liptrot, D.D.R.D. Helicopters. I thank you. Ladies and 
Gentlemen, for being a padent and attendve audience. 
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HELICOPTER WORLD SPEED RECORD 
COMES TO GREAT BRITAIN * 

Flyine the Fairey Gyrodyne. over a 3 kilometre stretch on the nitway line near 
Maidenhead on June 28th, 1948, Basil Arketl, Helicopter Test Pilot for Fairey Avialioa 
Company and ■ Council Mcmbci of this Assodalion, broke the world speed record, 
previously held in America by the Sikonlty S.51 at 114.6 m.p.h., by pnctkslhi 
10 m.p.h. when be achieved a speed of 124.3 m.p.h., averaged over two rum in each 
direcnon. 




Mr. H. R. Horrell, Dtputy 
ptnnant to John Thalman, ' 
itftit W-Cdr. R.A.C. Brit, 



my Mayor of Ptttrborough, hanMng ifu Royat Air Mail 
IB, B.E.A. Htlieopttr pilot, prior to take cff. On th* txtrtmt 
it, official in charge of the B.E.A. Helicopter Unit. 
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On lit June, 1948, the Helicopter Unit of the B.E.A. inaugurated an experimental 
Helicopter Air Mail Service between Pcierborough, Norwich and Great Yarmouth. 
Pilot J. Theilman flnu the first " live mails " from Westtvood Aerodrome after a 
formal ceremony at which Mr. E. B. Daviei, Midland Regional Director, G.P.O., 
and Councillor H. R. Horrell, Peterborough's Deputy Mayor, had wished the uml 
/ucA a»/A this most important experimeni. Above we reproduce a eommemoratiatf 
Utter cover Jioten in the helicopter after ihe ctremonj- 
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Editorial 

The first open air meeting of the Association was held on Saturday 
July 10th, at Heston Aerodrome. Although hitherto no programme has 
been arranged during the summer months, the popularity of such gatherings 
seems assured. Unfortunately it was not possible to make the arrangements 
on any other date and considering the unavoidable clash with the Gatwick 
Air Display, the attendance of over 150 members and guests reflects the 
keenness of the Association on this type of meeting. 

We wish to record our thanks to The Fairey Aviation Company for the 
courtesy shown in extending this first invitation. 

Following the paper read by Dr. J. A. J. Bennett on the Gyrodyne, 
which is reproduced in this issue, a short film was shown which included 
some of the early flight trials and later shots of the machine flying over the 
record course at White Waltham. There followed an excellent tea party in 
the Control tower restaiurant and the meeting concluded with a flight 
demonstration of the Gyrodyne. In this respect another precedent was 
created. It was obviously impossible to arrange for members to fly in the 
machine, but an exception was made in the case of our Chairman who 
promptly accepted the Fairey Company's invitation to fly, and thus became 
the first passenger outside the Company's staff to fly in the Gyrodyne. 

It is to be hoped that in subsequent years, further similar meetings can 
be arranged to give practical demonstrations of the various types of helicopters 
at present being developed in this country. 

The Association is also looking into the possibilities of organising an 
Anglo-American, or International, Forum and Flying Meeting and a sub- 
committee has been formed for this purpose. While it seems unlikely at 
present that the organisation will be sufficiently far advanced to be able to 
hold such a meeting next year, the response and keenness which has so fai 
greeted the sub-committee's activities is such that we feel there will be no 
lack of participants when the organisation is developed. 



. J. B. Stoker— an apprecdation 



Most members will be aware that Mr. M. J. B. Stoker— or '' Max ** 
as he is affectionately known — ^has been Hon. Secretary of our Association 
for the past 18 months, but perhaps it is not so well known that he has 
recently resigned and handed over the Honorary Secretaryship to Major 
J. W. Richardson. 

Max first became associated widi rotary wings in 1933 when he learnt 
to fly at die Autogiro Flying School at Hanworth, having previously been 
in business in South Africa for some years. During the latter part of the 
1914/18 war he was an observer in die R.F.C. and was mentioned in des- 
patches, so it will be seen that flying was not entirely new to him. Having 
taken his * A ' Licence in March, 1943, he oontinu^ flying autogiioa and 
qualified fi»r a * B ' Licence and Instructor's Certificate, teing eventual^ 
employed by the School as an Instructor until the out-break of the last war. 
He immediately volunteered for the R.A.F. and was accepted in the Spedd 
Duties Branch fi»r Intelligence work. This work continued until Apdi, 
1940, when he was given the job of organising a small autogiro flight at 
OcUhiun. A number of pilots were converted for autogiro flymg with this 
flight, and it was amalgamated after a few months widi anodier rotary wing 
unit at Duzford under the command of Squardon Leader (later Wing 
Commander) R. A. C. Brie, and Max returned to die Intelligence Branch at 
the Air Ministry. It is interesting to note that he was one of die very few 
pilots flying during die war who had no visible means of support, t .«., a 
ttying brevet or wings, and also that all his flying, which rq>resents some 
hun&eds of hours in total, was carried out on autpgiros, and he has never 
flown a fixed wing aircraft solo. He continued with his Intelligence Dudes 
right through to the end of die war and was decorated by the Norwegian 
and Dutch Governments for his work. 

On release from the R.A.F. he took an appointment with the Ministry 
of Labour. 

He became a Founder Member of our Assodadon and very early on 
was asked to serve on the Publicadons Committee. Early in 1S47 he was 
also asked to take the post of Hon. Secretary and carry on die good 
work started by Squadron Leader Arkell, and has been serving in both 
capaddes until recendy. 

His plans for going back to South Africa have been maturing for some 
time, and he has now returned to setde down and start business on his own 
account. 

Anyone who has known Mr. Stoker will agree that he is a person of 
sterling worth, and it has always been a pleasure and privilege to work with 
him. He has done an excellent job of work for the Assodadon and as a 
mark of appredadon, the Council, on behalf of all Members, recendy 
presented hun with a silver ash tray suitably inscribed. A very enjoyable 
private fSeurewell party took place the night before he sailed. 

In condusion I am quite sure that Max carries with him the best wishes 
ofaJJ our Members for his health and prosperity in his new sphere of life. 
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FOURTH LECTURE 1948 



The Falrey Gyrodyne 



By J. A. J. BENNETT, D.St, F.RAt.S. 



A Uciutt prtitniid to Tht HtUcopitr Attod- 
ation of Greal Britain on Saturday, July 
1 0th, 1948, at Httton Atrodromt, Middlestx. 



H. A. MARSH, A.F.C.,A.F.RjU^., IN THE CHAIR 



Introduction by the Chairman. 
HESTON, SATURDAY, 10th JULY, 1948. 
Ladies and Gentlemen, 

I am sure you will agree thai ii is quite unnecessary for mc to introduce 
Dr. Bennett fonnally. He has previously lectured before the Helicopter 
Association, to say nothing of numerous lectures to learned Sodettes bodi at 
home and abroad. I also feel quite certain that most of you are familiar 
with his background in the rotary wing field of aviation. 

On behalf of all Association Members and their guests, I should like to 
thank the Directors of the Faircy Aviation Company for their Idndness and 
hospitality ra us today, and also thank those members of the Fairey Conqiany 
Helicopter Division whose work has made this visit possible. 

Finally, on behalf of the Assodadon, may I congratulate the Fairey 
Aviadon Company again, together with all those responsible, for the excellent 
show in their recent successful attempt to raise the Helicopter world speed 
record. Personally, I feel that given the right condidons they are quite 
capable of increasing this record still further. 



Dr. J. A. J. BENNETT. 

Mr. Chairman, Ladies and Gentlemen : I should like to say on 
behalf of my colleagues of the Fairey Aviation Co. and myself that it is both 
a pleaswe and an honour to have you here this afternoon, especially as this 
is the first meeting of the Assodatioo at which a helicopter has been available 
for demonstration. It is perh«[>s appropriate that this helicopter is one of 



British configuration and construction, and in &ct is the only one existing in 
which also a British power unit is installed. I should mention at the outset 
that full credit should be given to the Fairey Company for their firm belief 
in the gyrodyne principle from the beginning and for having sufficient faith 
in their own judgment to sponsor it entirely as a private venture. 

The conception of the gyrodjme originated in this country shortly before 
the War, to fulfil a Naval requirement for a rotary-wing aircraft capable of 
operating from the deck of a ship. It is true that the possibilities of the 
gyrodyne gained immediate recognition by the award of a contract from the 
Air Ministry, but the War intervened and it was not untill 1946 that the 
development of the gyrodyne really commenced. During the intervening 
period the helicopter became a fully-fledged flying machine incorporating 
certain features of the gyrodyne, viz.y the aerodynamic asymmetry of a 
single lifting rotor in torque balance with a single non-lifting airscrew, the 
variation of power distribution between branch transmission systems, and 
lastly the direct control from foot pedals of the collective pitch of the non- 
lifting airscrew for effecting control of the aircraft in yaw. All of these 
gyrodjme features have become standard practice in helicopter design. 

Where the gyrodyne differs in principle from the standard form of 
helicopter is in the azimuth location of the non-lifting airscrew. At first 
sight this might appear to be a matter of minor importance, any position in 
azimuth from zero to 360° being as good as any other, the choice being 
determined merely by a desire to mount the non-lifting airscrew as fiu* as 
possible from the axis of the lifting rot(M:, thereby keeping the power absorbed 
by the non-lifting airscrew at a minimum, and the power applied to the 
lifting rotor at a maximum. The gyrodjme, on the contrary, aims at keqnng 
the rotor power as low as possible and utilises the remainder for the useful 
purpose of forward propulsion. Although part of this remainder is used 
normally for torque balance in hovering flight, the whole of the remainder is 
available always as a reserve for vertical climb under abnormal circumstances. 
A slow rotation of the fuselage in vertical climb can effect a considerable 
change in power distribution between the propeller and the rotor. Conse- 
quently, vertical climb can be temporarily boosted whenever necessary. 

What is a'' Gyrodyne " 

According to the British Standard Glossary of Aeronautical Terms, 
aircraft are classified into two separate categories, " aerodjmes " and " aero- 
stats," an aerodyne being a heavier-than-air aircraft. A gyrodjrne, therefore, 
is a kind of gyratory aerodyne. In other words, a gyrodyne is a form ojf 
helicopter in which the rotating wings are basically the sole means of 
sustentation but not necessarily of propulsion, the main objective being to 
keep the power transmitted to the rotor as low as possible and thereby 
provide greater safety in operation. It so happens that the steps taken in 
the design of this form of helicopter to enhance its safety result also in a 
higher top speed, though speed is considered of secondary importance to 
safety. The higher the forward speed, the less proportion of the total power 
is delivered to the rotor. Hence the main transmission is not so highly 
stressed at top speed as at slower speeds, thus ensuring a higher factor of 
safety. 

A further safety feature of the present gyrodyne is its low-pitch operation 
under all conditions of flight and, with its relatively low disc loading, it 
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possesses wcll-provcii qualities of the gyroplane which the helicopter should 
seek to retain. It is regretubte that present-day hclicoptcis should have 
sacrificed safety to such a degree that the Parli^ncntary Secretary of the 
MinisDry of Gvil Aviation was obl^ed recently to refer to the matter in 
the House of Conunons. While we do not entirely agree with the statement 
made on that occasion, the high-pitch operation of helicopters is a definite 
souro; of danger, but it should not be assumed that all helicopte rs are 
necessarily dangerous. The gyrodyne, by keeping rotor power, disc loading 
and pitch as low as possible, increases the margin of safety. 

The Gyrodyne Principle. 

Attempts have been made in the past to discover a method of propulsion 
for helicopters so that the dp-path plane should remain horizontal in level 
flight. Probably the nearest approach to the gyrodyne was an arrangement 
described by Oehmichen in which transladonal flight was effected by 
differential variation of the thrust of a group of propellers. The use of a 
single propeller was discarded, however, because the machine would be 
imable to hover owing to the unbalanced thrust of the propeller. The 
gyrodyne does not attempt lo keep the dp-path plane horizontal under all 
conditions of flight, nor to maintain constant power distribution between 
rotor and propeller. The single outboard propeller maintains torque 
balance, not only with varying rotor torque, but at zero forward speed, in 
which case the dp-path plane is inclined backwards so that the forward 
thrust of the propeller is balanced by the backward component of the rotor 
thrust. 

Translational speed is achieved by decreasing this backward inclination 
of the dp-path plane and not imtil a fairly high forward speed has been 
attained docs the tip-path plane assume a horizontal atdtude. Beyond this 
forward speed, of course, the dp-path plane has a slight forward inclination. 
In other words, the normal operating condidoo of the gyrodyne is with both 
the fuselage and the tip-path plane substantially level. 



Periodic blade-tip stall. 

At one time it was thought that the better propulsive efiSdency of a 
driven sustaining rotor compared with that of a propeller would resulr in 
a higher top speed for the helicopter than for the gyroplane. In this respect 
the helicopter has not come up to expectations. A bugbear of the helicopter, 
affecting its propulsive efiSdency in forward flight, has been the periodic 
blade-tip stall. This shortcoming is minimised in the gyrodjme. 

Perhaps this point is best explained by considering the axial component 
of flow through the rotor disc, {.^., the flow of air in a direction perpendicular 
to the tip-path plane. The autorotative rotor of the gyroplane is inclined 
at. a positive angle of incidence with respect to the flight path and the rotor is 
kqyt rotating by the axial component of flow which, in this case, is directed 
iqyward relatively to the tip-path plane. A change in axial flow does not 
aker the blade angle of attack equally from root to tip, but affects the root 
portion of the blade most. Hence, an increase in axial flow merely extends 
the periodic stall at the blade root and the operation of the rotor remains 
fidrly smooth, though, of course, if too great a proportion of the blade becomes 
stalled, the vibration from the rotor may be excessive. 

Basic Limitation of Forwardly-Inclined Rotor, 

The periodic blade-root stall of the autorotative rotor, however, is 
relatively innocuous in comparison with the blade-tip stall occurring when 
the rotor thrust of the helicopter is inclined forwardly for propulsion. The 
rotor disc then makes a negative angle of inddence with respect to the flight 
path, as a result of which the axial flow through the rotor increases with 
forward speed. To compensate for the reduced angle of attack caused by 
the increased axial flow, the blade angle has to be increased and at a high 
forward speed it is generally greater than the maximum value at which the 
rotor would autorotate in power-off flight. Hence, in the event of power 
fiulure the blade angle must be quickly decreased to prevent the blades from 
losing thdr kinetic energy and stalling, though, on the other hand, a sudden 
large reduction in pitch may be extremely dangerous. 

The effect of the increased axial flow on smoothness of operation of the 
rotor is more marked than in the gyroplane because, in the helicopter with 
the rotor forwardly inclined, the axial flow is downward and an increase in 
axial flow affects the tip portion of the blade least. Consequently, when the 
mean collective pitch is increased to compensate for the increased axial 
flow, the blade angle at the tip is excessive and the blade tip approaches the 
stall cyclically at high translational speeds, especially as the angle of attack 
on the retreating blade is already high due to blade flapping or cyclic 
feathering resulting from the aerod3mamic dissymmetry of forward flight. 
The helicopter rotor, therefore, becomes rough in operation at high pitch in 
forward flight, though it may be quite smooth at the same forward speed in 
auto-rotative flight. 

Advantages of low pitch. 

It may be argued that there is no need for the helicopter to travel fast ; 
there are plenty of uses awaiting slow-speed machines for some time to come. 
But even if one neglects the possibilities of increased speed offered by the 
gyrodjme prindple, the smoothness associated with low-pitch operation is in 
itself a desirable attribute. It is unnecessary to exceed the m&xis&»mL 
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autorotadvc blade angle to compensate for an increased axial flow resulting 
from a forward indmation of the rotor. In other words, the propulsive 
powered-rotor dqwrts too tu from the satisfiurtory condition of opentioa 
of the autoiotative rotor, and the relatively non-propulsive powered-rotor of 
the gyrodyne avoids the limitations of the t^ extremes. 

Automatic pitch variation. 

Apart from the novelty of the gyrodyne configuration, the Fairey 
prototype incorporates a number of novel features, with regard to whidi 
patents are pending in a number of countries. Blade torsional bearings are 
eliminated entirely, and collective pitch change is eficacd automatically 
about the flapping and drag articulations. There are no flight controls 
other than stick, throttle and foot pedals. At the request of the Mitustry 
of Supply, however, an alternative hub arrangement has been designed 
incorporating an over-riding collective-pitch control mainly for trim 
purposes at altitude and this will be evaluated later under a Govenmient 
contract. 

Tilting- head control. 

The present machine is controlled by a tilting-head arrangement which 
eliminates the multiple levers and bearings of the convenrional cyclic-pitch 
method, although the alternative hub for 3ie Ministry of Supply is provided 
with cyclic-pitch as well as collective-pitch control. It should be of interest 
to compare the operation of the two alternative systems on the same aircraft. 

Cyclic-pitch control has so &r been preferred for helicopters, and control 
by tilting of the hub axis for rotors which are autorotatlve in flight, mainly 
mr reasons of mechanical simphdty in cither case, but also in the case of 
the hehcopter because cyclic-pitch control allows the tip-path plane to 
remain nearly pcipendicidar to the hub axis, which is important for the 
purpose of minimiaing vibration. As the gyrodyne rotor normally operates 



neither in the non-powered condition of the autorotative rotoi nor in the 
fiilly-powcred condition of the propulsive rotor, but somewhere about 
half-wsy between these two extremes, it is appropriate that the control 
should confonn to neither of the two conventional forms but should combine 
cenain features of both. It resembles the tilting-hub method, but in the 
gyrodync the hub axis, i.e., the axis of the main beaiings, is not tilted. 
Instead, the rotor head — the hub membei to which the blades are attached — 
is tilted with respect to the hub axis, and in forward flight the forward 
inclination of the head balances the backward inclination of the tip-path 
plane with respect to the head so that the tip-path plane remains substantially 
at right angles to the hub axis, giving effectively the same result as cyclic- 
pitch control. 

The three flapping hinges all intersect on the axis of rotadon and are 
inclined to the blade axes at about 60° when operating at zero torque. In 
response to torque, this angle increases progressively and attains a value of 
about 70° at full torque. The automadc change in blade angle is associated 
with the angular displacement of the blade in azimuth and is caused pardy 
by a so-called " alpha one " inclination of the drag hinge and pardy by the 
variadon in " delta three." The combined effect is such that there is an 
immediate increase in boost whenever the throtde is opened without there 
being any appreciable change in angular speed of the rotor. The blade 
articulations, therefore, self-govern the collective pitch quite independently 
of any over-riding collccdve-pitch control that may eventually be provided 
for other purposes. 







Rotor Blades. 
ic rotor blades are of steel tubular spar and wooden rib construction 
"ire covered with plywood and fabric. The spar is dicular in section 
"" root end, but, over the greaicr pan of its length, it is of oval section, 
combines rigidity in torsion with flexibility in vertical bending, 
flange integi^ with the spar enables the blade to be attached to the 
ing without perforation of the tube with its attendant stress concenira- 
Drilling of the spar is avoided also at the rib clips which aie 




Pmucr plani imiallaiion 

' attached frictionally over the main portion of the blade and not by bolted 
or welded joints. The rotor blades have been manufactured to very close 
tolerances and, as a result, have hccr iroubie-free throughout all the tests. 
The iiydiaulic dampers for damping the blade motion in the plane of 
loation, although provided with only a moderate amount of damping, have 
proved satisfiutoiy in suppressing entirely self-exdted instabihty. 
Other design features. 
The present fiisclage is of steel tube construction although a metal 
mroocoque fiisclage is being provided for production. The pilot's seat i& 
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Power Plant and Transmission System. 

The Faircy prototype is powered by an Alvis " Leonides " 9-cylixider, 
air-cooled radial engine which has a maximum sea-level rating of 515 b.h.p. 
at 3,000 r.p.m. It is mounted vertically inside the fuselage and cooled by a 
fan driven at engine speed. The cooling air is drawn in through openings 
in front of the rotor pylon and discharged through ducts in the tiui uniL 
Ducts are also provided to deflect air through the oil cooler and the engine- 
driven generator. 

The installation of the power plant and transmission consists of (oust 
self-contained units ; first, the engine, its mounting and cooling system ; 
second, the main gearbox providing the first st^ge reduction gears for the 
rotor and propeller drives, and incorporating the dutch and the fieewfacd ; 
third, the top gear-box housing a double epicyclic gear which provides the 
final gear reduction between Ae engine and the rotor, with a rotor brake 
mounted above it ; and fourth, at the outer extremity of the starboard wing, 
a gear-box carrying the propeller reduction and pitdi-cbanging gear. 

The engine is coupled to the main gear-box by a splined shaft carrying 
a multi-bush universal coupling at each end, the fim being mounted on to 
the coupling nearer the engine. This arrangement allows tl^ engine and 
fim to float on the rubber mountings provided for the engine and covers 
mal-alignment between the engine and the main gear-box. 

Main Gear-Box. 
The main gear-box which is mounted on four rubber bushes, carries the 
dutch, the vertical shaft drive, the side propeller drive, the freewheel, the 
LxKkheed pump drive, the oil pump for the main and top gear-boxes and 
the engine and rotor tachometer drives. The propeller is positivdy geared 
to the engine and is unaffected by dutch operation. The vertical shaft is 
driven by bevd gears and the propeller by a smaller pair of bevek. A central 
shaft running at engine speed carries the dutch casing and the dutch plates 
are splined to an extension on the driving bevel. A " Lucas " actuator is 
provided for controlling the rate of dutch engagement, thus limiting the 
maximum starting torque and ensuring that the rotor blades can not be 
damaged by a sudden engagement of the dutch. The freewhed is 
located above the main bevel and, to ensure that the rotor tachometer and 
hydraulic pump are driven when the rotor is freewheeling, the drives for 
these services are located above the freewheel. 

Top Gear-Box. 
The top gear-box is coupled to the main gear-box by a tubular vertical 
shaft fitted with a torsional rubber coupling at each end. Oil is delivered to 
the top gear-box by a pump located in the oil sump of the main gear-box and 
drculates through the top gearing, the freewheel and the gearing in the main 
gear-box, before returning to the sump. Thermocouples are fitted to all 
gear-boxes. The oil cooler is carried in a duct which diverts air from the 
fan through the cooler. 

Propeller drive. 

The propeller shaft, which is in two lengths, is driven from the main 

gear-box through a torsional rubber coupling embodying a sliding joint. 

A rubber-mounted bearing is located at the centre of the propeller shaft to 

support the " Hardy Spicer " universal coupling which connects the two 

lengths of shaft. A second " Hardy Spicer " coupling connects the outboard 

end of the shaft to the propeller gear-box. This gear-box carries its own 

oil pump and oil supply. 



Rotor Blades. 
The rotor blades are of steel tubular spar and wooden rib constniction 
and arc covered with plywood and hbhc. The spar is dicular in section 
at the root end, but, over the greater part of its length, it is of oval section, 
which combines rigidity in torsion with flexibility in vertical bending. 
A root flange integiul with the spar enables the blade to be attached to the 
root fitting without perforation of the tube with its attendant stress concentra- 
tion. Drillu^ of the spar is avoided also at the rib clips which are 




Pouter plant iiuiailation 

attached fnctionally over the main portion of the blade and not by bolted 
or welded joints. The rotor blades have been manufactured to very close 
tolerances and, as a result, have been trouble-free throughout all the tests. 
The hydraulic dampers for damping the blade morion in the plane of 
rotation, although provided with only a moderate amount of damping, have 
proved satisfactory in suppressing endrely self-excited instability. 
Other design features. 
The present fuself^e is of steel tube construcrion although a metal 
monocoquc fiisctage is being provided for production. The pilot's seat i& 
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on the port side at the nose end of the cabin and to his right an occasional 
seat widi dual control may be installed. The back seat is designed to take 
three passengers. The rear portion of the fuselage carries a oiilplane and 
outboard fins which are required for stability purposes in forward flight. 
The stub wings are merely fairings for the structure supporting the outbcxird 
propeller and the main legs of the tricycle undercarriage. 

The flight controls are, as in the conventional aeroplane/stick, throttle 
and foot pedals. The stick controls the angular displacement of the head 
through hydraulic jacks, which completely eliminate stick shake, though the 
initial few hours of flight were performed with reversible controls. The 
operation of the collective pitch of the propeller by the foot pedals is also 
arranged hydraulically. Centralising springs are provided in all controls. 

Performance. 

The flight trials of the prototype are being conducted at a gross weight 
equal to that of the production airoaft, which including pilot, 3 passengers, 
150 lbs. luggage and 47 gallons of fuel, is approximately 4,800 lbs. The 
empty weight of 3,600 lbs. is apportioned as follows : — 

Rotor blades 8% 

Power plant and transmission . . 47% 

Structure 30% 

Fixed equipment 15% 

The rotor diameter being 52 ft., the corresponding disc loading is 2.25 
and as the solidity is relati\^y low, being only 1% per blade, the blade 
loading has a relatively high value of 75.0. At 3,000 engine r.p.m. the rotor 
speed is 227 r.p.m., giving a tip speed of 619 ft. /sec. and a thrust coefficient 
of 0.082 (based on blade loading). 

The first flight of the gyrodjme entirely free from ground restrictions 
was accomplished successfully on December 7, 1947, after a period of 
preliminary ground testing, during which the engine was run for 85 hours 
and the rotor for 56 hours. At 4,800 lbs. gross weight and 190 rotor h.p. 
the blades have sustained in hovering flight at a few feet from the ground a 
load of 25 lbs. per rotor h.p. which allows an ample margin of power for 
vertical climb even assuming that the power applied at the rotor hub is only 
50% of the brake horse-power developed. The present gyrodyne therefore, 
differs, little in vertical performance from the best existing heUcopter and, 
without making any definite claim at this stage in regard to climb (at the 
best climbing speed) and in regard to maximum speed in level flight, the 
gyrodyne appears in both respects to be markedly superior to present 
helicopters. Moreover, this improvement in performance is effected 
without departing appreciably from the low disc loading and low pitch 
advantages which contributed basically to the remarkable record of safety 
achieved by rotary-wing aircraft in the pre-war era. 
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Mr. O. L. L. Fitzwilliams' Vote of Thanks to Dr. Bennett. 

Mr. Chairman, Ladies and Gentlemen, 

I have accepted with pleasure our Chairman's invitation to propose a vote of 
thaiiks to Dr. Bennett and, to start with, I would call your attention to the large 
attendance at this lecture. In view of today's counter attractions at Gatwick this 
excellent turn-out is both an encouraging sign of the keenness of the Association's 
members and a tribute to the high regard we all have for Dr. Bennen. 

I would also like to add my congratulations on the Gyrodyne's successful estab- 
lishment of a new speed record. For passenger operation there is no doubt that 
high cruising speed «o becoming an increasingly important aim in helicopter design, 
but in spite of the Gyrodyne's success we have little cause for complacency. Indeed 
it is curious to reflect that whereas today we have a helicopter speed record standing 
at 124 m.p.h., some 13 years ago the Pitcaim PCA-2 was being night tested at speeds 
up to 160 m.p.h. and at tip speed ratios far in excess of any employed today. Certainly 
this speed was registered in dives but it is well beyond the permissible diving speed 
of most present-day helicopters ; moreover the tip speed ratios achieved would today 
correspond to a speed of the order of 200 m.p.h. 

The Gyrodyne configuration therefore demands the most careful attention, not 
only because of its many interesting technical features but also because it represents 
the considered judgment of the man who is our chief link with the very extensive 
experience accumulated in the development and operation of the Cierva Autogiros. 
I believe that, for future designs, there are a number of important lessons to be 
learned from the Gyrodyne and it progress will certainly be followed with the greatest 
interest. 

For instance, the use of auxiliary airscrews for horizontal propulsion is of course 
by no means a novelty in the design of helicopters but the Gyrodyne calls our attention 
to this arrangement io a manner and at a time which is of peculiar significance since 
we are now approaching the 150 m.p.h. or so speed beyond which horizontal pro- 
pulsion by tilting the main rotor is not expeaed to be practicable. However, helicopter 
speeds (and especially cruising speeds) are likely to remain well below this figure 
for some time to come and it would therefore be most unwise to jump to the conclusion 
that there is at present anything wrong with the many other single and multi-rotor 
projeas which obtain their forward propulsion by tilting the main rotors. 

In respect of safety too I feel that Dr. Bennett would be the first to agree that 
the attention which he has drawn to this aspect of the Gyrodyne's performance 
should be understood not as a reflection on other helicopter configurations but as 
an indication of the degree of safety which is obtainable with rotary-wing airaraft 
in general. In the course of his lecture Dr. Bennett recalled the statement, recently 
made in Parliament, that helicopters are not as yet considered sufficiently safe for 
passenger services and, as we have with us today a number of eminent representatives 
of the Aeronautical Press, I feel it is jonly proper, on behalf of all of us who are con- 
nected with helicopter development, to register our disagreement with that statement. 

So far as I am aware there are no valid reasons for supposing that a helicopter 
carrying a Certificate of Airworthiness is in any way less safe than a similarly qualified 
fixed-wing aircraft, whereas the helicopter's flight characteristics are such that there 
are a number of reasons for supposing the contrary. If some people consider that 
present-day helicopters are unsafe for the transport of passengers over water or into 
and out of our large cities, this is not at all because they are helicopters, and ev^n less 
because they are any particular kind of helicopter, but simply because at present 
they all happen to be single-engined. 

Finally I would like to add my congratulations to the many already received by 
Dr. Bennen and his colleagues on their considerable technical achievement, and to 
say that I have the greatest pleasure, on behalf of our Association, in thanking him 
for his excellent paper and its admirable delivery. 
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Cierva Memorial Prize 

The Council have pleasure in announcing that the Prize for the 1947/48 
competition for an essay on ^* The Safety of Rotary Wing Aircraft " has 
t>een awarded to : — 

D. R. Garraway, B.Sc. (Eng.). 

His essay entitled '' The Structural Airworthiness of Helicopters with 
particular reference to Fatigue Failure " is re-produced in this Journal. 

Since no award was made for the 1946 47 competition due to the some- 
what poor response, Mr. Garraway is the first winner of this Prize. The 
response to the 1947/48 competition was again not altogether as good as had 
been expected, and it is hoped that the re-production of this essay will lend 
encouragement to would-be competitors in subsequent years. 

The title for the 1948/49 Essay competition has been broadened to 
allow the widest possible field of entry, and the prize for 1949 will be awarded 
to the Competitor submitting the best paper of a technical nature on any 
subject connected with Rotating Wing Aircraft. Papers of a purely historical 
or journalistic content will not be egilible, but the subject may be broadly 
construed to include studies in any related field such as Operational, 
Administrative, Maintenance, Navigation, Safety, and Economics, as well 
as the more conventional fields of Aeronautical Science and Engineering. 

Full details of the rules governing the 1948/49 Competition may be 
obtained by writing to the Association's Assistant Secretary at Londonderry 
House, 19 Park Lane, London, W.I., and competitors should apply for 
these rules before submitting entries. The following summary is appended 
for guidance : 

The competition is* not restricted to members of the Association nor is 
there any restriction as to nationahty. Competitors should be under the 
age of 35 on the 31st December, 1948. Entries for 1948/49 must be received 
by 31st March, 1949. 

Papers should be written preferably in English, but will be accepted in 
French or German, and are recommended not to exceed 5,000 words. 
Competitors must state date of birth and be prepared to submit proof of 
date of birth if called upon to do so. Entries must be typed and submitted 
in triplicate. Written entries will not be considered. Diagrams of figures 
accompanying the text must be dearly drawn in Indian ink, and if not in 
triplicate, must be on tracing paper and capable of reproduction in print. 

Entries must be original papers, not previously submitted to any other 
body and not previously published ; the copyright of the winning paper 
submitted becomes the property of the Association and no papers will be 
returned to competitors. 
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The Stmctnral JUrworthi- 
ness of Helicopters wlfli 
particnlar reference to 
Fatigue Failure 

By D. R. GARRAWAY, B.Sc. (Bog.). 
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CIERVA MEMORIAL PRIZE ESSAY, 1947/48. 

Summary. 
The importance of reliable airworthiness criteria is stressed in an 
introductory paragraph. Practice in aeroplane design is reviewed briefly, 
noting particularly the current tendency to permit increasingly severe fatigue 
loads. The principal loads on the elements of a helicopter are enumerated, 
and consideration of theit repetitive nature leads to an extended discussion 
of fatigue fiulurc and methods of correlating &tigue loads. Suggestions are 
offered for a rationale of provisional strength requirements and the amend- 
ments desirable fbUowing the establishment of additional data. The need in 
this connection for extensive V-g and blade stress records taken in operation 
is emphasised. 

ESSAY. 

Many people in Great Britain are now confident that hehcopters will 
shortly be in general use for a variety of commercial purposes. Some of 
these anticipated functions are not new to air transport undertakings — 
certain feeder-line services within the British Isles, for example, may well 
be operated by hehcopters — but the fundamental ability of the helicopter to 
take-off and land in confined spaces gives it an additional scope in circum- 
stances which preclude the use of fiscd-wing aircraft. Many applications 
in the latter category occur to the mind. Only two of the possibilities are 
the establishment of passenger and freight services to remote parts of the 
country, and express mail services between the principal dries. Some 
districts in Scodand, for example, arc at present virtually isolated during 
pan of the year, or can only be reached after a tedious and difficult journey. 
Little or no preparation would be necessary in arrai^ing landing sites for 
heUcoprers. Operational research is already being conducted by the HeU- 
copter Unit recentiy formed by B.E.A. 

Two important facts arise from even the most superficial examination 
of the field of operations. Firstiy, that the succcssfiil commercial use of 
hehcopters will depend largely upon the reliabiUty of the machines them- 



8elve8> and secondly, that a high standard of airworthiness will have to be 
maintained. Operation by relatively unskilled persons — both private owners 
and commercial employees — and from sites having only meagre maintenance 
and repair fiuaUties, wUl demand an exceptional fireedom from mechanical 
troubles. Rotary-wing aircraft cannot be permitted to land freely in the 
densely populated centres of the principal dties until the safety of such 
operation has been proved to the regulatory authorities. 

The American C. A. A. has already established airworthiness requirements 
for rotary-wing aircraft. Such requirements, however, have not yet been 
published in this country. For fixed-wing aircraft, the Air Registration 
Board's Civil Airworthiness Requirements and the Design Requirements for 
Military Aeroplanes (A.P.970) of the Air Ministry, cover the field. It is 
relevant, before considering the problems of helicopter airworthiness, to 
study briefly certain aspects of the fixed-wing requirements. 

The principal fixed-wing loads are specified by a flight envelope, which 
defines the permissible limiting combination of acceleration and forward 

Ked. The Load-Faaor sub-committee of the A.R.C. recommended (1930) 
t, in general, any manoeuvre which does not leave a factor of safety of 2 on 
the aircraft structure,* during normal execution by a good pilot, should be 
prohibited. Consideration of acceleration records avaDable at that time led 
to the specific recommendation of an ultimate load foctor of 8. The fotigue 
effects of manoeuvring loads were thus very slight in a good design, and 
fiulure fixnn this cause was likely to occur only once in 10^ or 10^ fljring 
hours^ — a negligible proportion. Since 1930 the increase in aeroplane opera- 
ting speed and altitude, and in wing-loading, has tended to reduce the 
manoeuvring load foctor. In addition, more accurate methods of stress 
calculation permit a lower fiurtor of safety. This overall reduction of die 
maximum normal acceleration factor and the factor of safety, means that 
the loads imposed by gusts may be critical. The total (ultimate) foctor is 
now specified as 5.25 for aircraft in the normal dvil category wdglung under 
8 tons, and higher for military and aerobatic types. 

The frequency of gusts varies with their intensity, the maTimufn vdo- 
dty encountered being about 70 ft. /sec. — such a case bdng very rare. If the 
load imposed on an aircraft structure by a gust of 50 ft. /sec. is of the same 
order as the ultimate load, then that imposed by one of 15 ft./sec. — 
probably occurring more than a million times during 10,000 hours' flying — 
may cause fatigue failure during the lift of the aircrait. 

These facts, together with the present tendency to increase the flying 
life of transport aircraft, make it important to take fatigue into account. 
The P.I.C.A.O. has recommended that " the strength tod fabrication of the 
*' aeroplane shall be such as to ensure that the probability of disastrous 
** fatigue fieulure of the primary structure under repeated loads antidpated 
*' in operation, is extremely remote during the expeaed life of the aircraft 
or parts thereof. When a type of construction is used for which experience 
is not available to show that compliance with static strength requirements 
is suffident to ensure the strength of the structure under repeated loads, 
its strength under such loads shall be substantiated by suitable investiga- 
tions." Such tests have, in faa, been performed on at least one aircraft, 
and may be expected in time to become a usual feature in proving the 
strength of airframes. 
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The question of rotary-wing aircraft airworthiness may now be studied 
in the light of aeroplane practice. 

The fuselage and landing gear do not present any special probleoos 
which cannot be dealt with by established methods. The fuselage loads 
imposed by manoeuvres are similar to those on fixed-wing aircraft, although 
at present few data are available upon which to base a normal acceleration 
factor. The contribution of V-g records in establishing the value of this 
factor for aeroplanes should not be forgotten. As applied to helicopters the 
faaor has no direct relation with forward speed (V)> and it may be considered 
instead as a function of rotor r.p.m. This is more logical, but the form of 
the function may vary considerably between different machines, as it is 
dependent upon the method of control and the governing mechanism if one 
is fitted. Although it is desirable to record acceleration on a time base, this 
is difficult under ordinary operating conditions, and the apparatus required is 
unduly complex. Useful data can, however, be obtained from a standard 
V-g recorder, which has the merit of separating manoeuvres at zero forward 
speed. Aircraft fitted with the conventional type of flexible, fiilly-articulated 
blades are not very sensitive to gusts, and the maximum acceleration induced 
in the fuselage does not usually exceed that caused by control operation. 
An ultimate factor of 3.5 on the normal Ig fuselage loads should be adequate, 
though this figure should not be employed without investigation unless the 
design is similar to that of an existing machine of proved airworthiness. 

First thoughts may suggest that a light undercarriage is sufficient. 
Normal power-on landings — a category which may be expected to include 
nearly all landings during the life of a helicopter — should be treated as a 
possible cause of fatigue failure, the maximum vertical velocity of such an 
airborne landing being taken as 4 ft. /sec. Power-off landings present a 
more severe case. The vertical velocity at touch-down may exc^ 12 ft./ 
sec. during an emergency, or because of specially adverse conditions. The 
maximum load developed in these circumstances depends not only upon 
the charaaeristics of the helicopter, but to a very great extent upon the 
pilot's experience and skill in timing. A rational approach to this problem 
may only be made by the analysis of acceleration records. Until adequate 
data of this nature are available, attention should be direaed to ensuring 
that failure of the undercarriage will not result in injury to the passengers 
or crew. Since the forward speed will usually be low during a heavy landing, 
this condition is not difficult to fulfil. 

Unlike the elements so far considered, the rotor has no equivalent in an 
aeroplane ; but it is unquestionably the most important part of a helicopter. 
The present discussion will be confined to the most usual type of rotor now 
in use, namely the hub-driven rotor with flexible, articulated blades. The 
behaviour of rigidly mounted blades is similar, since they may be replaced 
as a first approximation by semi-rigid blades living a virtual hinge at spme 
point in the spanwise axis. The chief loads are the centrifugal force, and 
bending moments in both flapping and drag planes. Shear forces are small, 
and torsion is not usually critical, except in the case of rotors controlled by 
ailerons. The centrifugal force is virtually constant, and in most blade 
designs an ultimate faaor of 4 or more may be obtained under this load alone. 
The presence of a bending moment in the flapping plane is due to the fact 
tl^it the resultant of the aerodynamic load components in this plane does 
not pass through the centre of inertia forces. The centre of inertia may be 
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adjusted by suitable blade design so that it coincides with the aerodynamic 
c e n t r e for a given lift distribution, but in forward flight this latter distribution 
varies with the position of the blade in azimuth, bong concentrated fiuther 
oudward when the blade is retreating than when it is advancing. It^Uows 
tbMt whatever the mass distribution, there will be a cyclic variation of holding 
moment at each point along the blade. The magnitude of this moment is 
reduced by blade bending, since the centrifugal force component normal to 
the blade is modified, and acts as a relief. The inertia forces associated with 
this bending vibration are comparatively small. 

Similar-loads occur in the drag plane. The centrifugal force acts at the 
centre of gravity of the blade ; the distance between this point and the centre 
of drag is greater than that between the centre of inertia and lift, but since 
blades are invariably stiffer in the drag plane, the stresses due to bending are 
of di^ same order in both directions. Other inertia loads may be present 
because of a periodic variation of angular velocity and flapping angle. If 
oscillations in the drag plane are mechanically dsmiped, or resilient hinges 
employed, the restraint will contribute to the drag moment. 

llie steady operation of a helicopter in forward flight thus causes, at 
each point in the load-carrying member, a steady fibre stress and a fluctuating 
stress. It is usual to state the stress in terms of its maximum and minimum 
vahies, by quoting their algerbaic mean and the semi-amplitude of their 
difEerenoe ; that is, in the form M:tR. The constant part of this stress is 
the sum of the tensile stress due to centrifugal force (which may be as much 
as ^ of the ultimate stress at some points) and the mean fibre stress due to 
beniding. The frequencies of the prifidpal components of the fluctuating 
part are once and twice the rotor speed. If the rotor speed is 250 r.p.m. 
then the fifst harmonic will complete a million cycles during 70 hours' 
ffi^. The fiitigue strength of the blade under thu combination of loads 
must thus be stikUed, rather than the static strength. 

The magnitude of the stress at each point depends principally (during 
unaooeletated fli^) upon the forward speed and the rotor speed. Additional 
kNub are imposed by accelerated motion, which may be the result of gro.und 
running (tal»-oflf, lahding and tazying), control operation, or gusts. An 
understanding of the strength of materials subjected to fiidgue loads is 
necessary before attempting to judge the adequacy of a particular design. 

The first experimental studies of fiidgue railure were conduaed about 
80 years ago, and it was soon established — largely owing to the work of 
W(jiler — that, for example, a steel specimen subjected to reversed bending 
win fiul after a certain number of reversals, that depends on the range of the 
r^pfriied stress. This informadon is usually presented in the form of a curve 
ooonecting die number of reversals (N) at which failure occurs under different 
vahies of the stress range (S). In the case of some steels it is found that 
stresses betow a certain limiting value do not cause fieulure when repeated 
indefinitely. Fatigue fiulure of these steels after 20 miUion reveisals is 
extremely rare, and may be n^ected for practical purposes. There is no 
sudi fittigue limit for the majority of materials. 

The strength of specimens under repeated load is gready impaired by 
the presence of irregularities causing stress concentrations, and by poor 
surnoe finish. There is not, however, a constant relation between the 
maiimimi stress in a specimen caused by, say, a surface notch, and the number 
of reversab to failure. An improvement in the fatigue life is observed beyond 
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that which might be expected to correspond to the maximum elastic stress. 
Improvement is partially due to local work hardening of the material, and 
dq>ends upon the size and stress distribution of the specimen and upon the 
structure and elastic properties of the material. Attempts to correlate these 
effects by a notch sensitivity index (defined as the ratio of the proportional 
change in fatigue strength of a similar plain specimen compared with the 
notched specimen, to the proportional increase of elastic stress due to the 
notch) have not been very successful, the definition itself is unsatis&ctory 
in some respects. An approach along diflferent lines is more encouraging, 
but it wiU be sufficient at this stage merely to note that when an estimate of 
fatigue strength is made &om data relating to polished laboratory specimens, 
an allowance must be included for the stress concentrations and defects of 
sur&ce finish which occur in practice. Some tests have been performed 
upon complete structures and structural elements, the fatigue strength of 
which is commonly found to be less than half that calculated firom the nominal 
stress. 

So far consideration has been given only to specimens subjected to 
equal reversed stress. As in the case of stress concentrations, no genenl 
relationship can be found for specimens subjected to a combination of steady 
and alternating loads, although many investigators have studied the proUem. 
A simple formula can be assumed which leads to conservative results, and 
is suitable for practical purposes. The " modified Goodman Law ** is such 
a relationship. It is b^t expressed symbolically : 

R = Ro (1 — M/U) 
where 2Ro is the safe range of stress at zero mean stress (corresponding, for 
example, to ±Ro in reversed bending) 

2R is the safe range of stress at mean stress M, 
and U is the ultimate strength of the material. 

It should be emphasised that this is no more than a convenient rule 
which, when applied in design, gives a reasonable assurance of safety. Used 
in conjunction with the S — N curve appropriate to the material in its actual 
form (i,e,y containing stress raisers and sur&ce imperfections) it is evidently 
possible to derive a value for the permissible range at any given mean stress. 
That is, the range of load which wiU not cause fiulure in less than the specified 
number of reversals. 

It now remains to establish the behaviour of a specimen subjected to a 
system of loads in which the values of M and R change from time to time. 
Given a list of loads and the number of cycles corresponding to each, it mi^t 
be asked whether the specimen will fiul. The question cannot be answ^ed 
directly, except by appeal to a test in which the loading conditions are 
exactly reproduced. A simple theory has, however, been proposed, which 
enables problems of this sort to be assessed. The " Cumulative Damage " 
theory is based on the supposition that each cycle of stress does a certain 
amount of damage to the material, and failure occurs when the sum of all 
the damage reaches a critical value. It is commonly observed that when a 
&tigue test is preceded by a few cycles of overstress the life of the specimen 
is prolonged, probably because of work hardening of the material. The 
anomoly — and others — ^may be removed by modifying the assumptions, but 
for simplicity these variations will be negleaed. Expressed quantitatively, 
the damage contributed by pn cycles of stress, under which load alone the 
specimen has a total fatigue life of Cn cycles, is pn/Cn. The cumulative 
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damage under a S3fstem of varying loads is then given by the sum of expres- 
sions of the type pn/Cn> each of which represents the effect of a particular 
load. The matenal fkils, according to this hypothesis, when the sum 
becomes imity . It follows that the order of application of the loads does not 
affea the life of the part. Stresses which are less than the limiting stress do 
not contribute damage, since Cn — ^the number of cycles to fiulure — ^is infinite 
in such cases. The results of a few tests which have been conducted using a 
varying load have been checked with the cumulative damage theory. Suffici- 
ent agreement is obtained to justify using the theory tentatively, and it is 
hoped that an extensive investigation will be made shortly, since such a 
simple method of correlating different loads is an invaluable tool in analysing 
£itigue effects. 

The system of stresses at any particular point in a helicopter blade is 
very complicated, as has been seen, and must be simplified to make the 
problem manageable. Consider firstly the steady flight condition ; the 
aircraft may be expected to spend some part of its total flying life in the state 
represented by eadi point within the flight envelope (plot of limiting forward 
sp«ed versus rotor r.p.m.). If a helicopter spends 1% of 5,000 flying hours 
in a particular condition, the number of stress cycles completed will be in 
excess of 500,000. Most of the stresses involved will thus correspond to 
-points on an S — ^N diagram in the region of which fatigue strength is low 
and almost constant. Hence load is a more critical factor than the number 
of reversals. Little will be lost, therefore, by dividing the flying life into a 
fiew steady ffight conditions corresponding to maximum loads. Such 
conditions will usually be limiting points on the ffight envelope. The 
cumulative damage due to this system of loads will be not less than that 
ooccurring in practice. 

The alternative is to integrate (over the whole envelope) the damage 
corresponding to each ffight condition. A similar process is inevitable in 
the case of the loads, due to acoelerated ffight, if fatigue damage &om this 
cause is to be considered. Information is thus needed giving the fiequoicy 
of loads of each order due to control operation, landing, ground handling, 
and gusts. 

No mention has been made so far of how the required data are to be 
coUeaed ; how accurate are the assumptions ; and what is the allowance to 
be made for departure from the " most probable " figures used in calculations. 
To recapitulate: it is necessary in order to assess the suitability of a particular 
structural element to know : — 

(i) the stress (in the form M^R) corresponding to each ffight condition 
and manoeuvre, 

(ii) the probable frequency of each occurrence (i) during the life time 
specified, 
and (iii) the life of the element under various ranges of reversed stress. 

Theoretical analysis of the rotor will indicate the critical points of the 
steady ffight envelope, and together with results from strain gauges, will 
enables the pattern of stress to be comprehended. A conservative assumption 
such as that already suggested could be employed to reduce consideration 
of steady flight to a few cases only. The stress cycle (at mean zero stress) 
equivalent to each load may now be found by the modified Goodman relation. 
This is again conservative. Great care must be exercised in the selection 
of S — ^N data corresponding to reversed stress. The effiea of notches, etc., 
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makes it very desirable, if not essential, for at least a few control tests^ to be 
performed on the actual structural element, under a load distribution similar 
to that occurring in flight. A margin of safety must be allowed because of 
the scatter associated with all experimental fatigue results. Alternatively, 
an S — ^N curve may be used giving a number of reversals to failure that is 
rarely not exceeded (not more than 1 in 10^ times, say). That it is very 
difficult to draw such a curve may be appreciated &om the results of one 
series of laboratory tests which, although exceptionally carefully controlled, 
show a variation of life between 0.25 and 40 million cycles in 216 tests at the 
same load. The margin may be provided by applying a faaor of safety to 
either the load or the life. The number of reversals in the case now being 
considered is large, and hence a factor on life is not convenient. Ftom the 
figures just quoted, such a faaor might have to be greater than 100, but would 
vary with the expected life of the aircraft. In some designs the fotor will 
have an indefinite life under steady flight conditions alone : in this case a 
factor on life becomes meaningless. The author prefers to apply a factor 
to the load — ^that is, to both the steady and alternating parts. This fiutor 
should cover the error involved in the correlation of different loads by the 
concept of cumulative damage. 

A similar process must be followed in calculating the effect of acceleration 
loads, though in this case the basic information relating to the stresses and 
frequency of application is not available. The stresses due to control 
operation and gusts may be calculated, although at some length and without 
much accuracy. Data also exist from which the frequency of gust loads 
may be deduced, but these loads are not usually so severe as control-induced 
loads, the frequency of which is quite unknown. 

There is a very real need for information on acceleration stresses in 
blades ; this could be provided by strain gauges in conjunction with a 
recording device similar to the V-g recorder in use on aeroplanes. Such an 
instrument would enable allowance to be made for all transient stresses, 
whether due to taxying, starting, manoeuvring, or any other accelerated regime. 

At present, then, owing to the lack of essential knowledge, it is not 
possible to ensure absolutely that fatigue failure will not occur during the 
specified life. It is suggested that a fiiti^e faaor of 1.5 be applied to the 
steady flight loads, it being a requirement that the structure shall not fail in 
fatigue during the specified life of the aircraft under these fully faaored loads 
alone. In addition there should be an ultimate faaor of 2.0 on the maximum 
loads occurring from any cause. It is hoped that this will ensure that peak 
loads do not damage the structure to such an extent that it fails subsequently 
under the steady. flight loads. 

In the future, when enough information has been coUeaed, it will be 
possible to apply the cumulative damage theory to all the loads. A factor 
must then be applied to life, because deviation in practice from the " most 
probable " frequency is essentially a change in the number of occurrences. 
A faaor of, say, 4 should be applied to the frequency of each stress, as 
derived from flight acceleration records. The fatigue load faaor should 
then be reduced, since the fatigue effects of all loads will have been included. 
The faaor will still have to account for error in calculated loads, for sub- 
standard strength due to material faults, corrosion and other service damage, 
for faulty workmanship and the spread of experimental results in constructing 
the S — N curve. The author is of the opinion that this faaor will be about 
1.25. 
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iNTKODUCnON BY THE CHAIRMAN. 

Ladies and Gentlemen, — As you know, this is the first lecmre of oui 1948/49 
Session — b series which 1 im sure you will find balh interesting and instructive. 
It i% also the first time we have been privileged to use this room for our Meetings 
and our thanks are due to the President and Council of the Royal Aeronautical Society 
for granting us thii facility. 

Our lecturer today has chosen a subject which is becoming of veiy great import' 
ance now thai Helicopters are being used in a definite operatitmal sense. Mr. Usher 
is peculiarly well suited to talk to us on " Navigational Aids to the Helicopter " 
as be is qualified as a R.A-F. Advanced Specialist Navigator, and has some e]q)erience 
of Helicopter Pilotue. He is a Fellow of the Royal Meteorological Society and 
an Associate of the R.Ae. Sodeiy and, needless to say, a Member of our Association 
and also holds the Bachelor of Science Degree and Diploma of Education — both 
of London. His present appointment is with the Ministry of Civil Aviation as a 
Member of the Examining Staff for Personnel Licences, and as such will obviously 
have a very dose contact with Navigational problems, 

A cordial welcome is extended to our visitors, also to those new members who 
have not previously attended our meetings. 

Mr. R. W. usher. 

Introduction. 
Tbc helicopter is designed to provide air facilities which fixed wing 
aircraft cannot supply, i.e., shon range trips with the minimum amount of 
iocoavenicncc to passengers, and the maximum speed of transit. It has 
been variously estimated that the helicopter is more efficient from the point 
of view of the time factor than other forms of transport over distances 
between 250 and 400 statute miles. Making an allowance tor the optimism 
of the enthusiast and for adverse Weather conditions, which affect 



Tbc luthor iriiho to thank ibt Dinctor of Mneoralotic*! Serricn for the counciy to ui 
VTC flcuie*. tad for die Tiliuble cribdim ttf iMi ptptr mdt br monbcn <il hi> inlT, ■ re 
Kh ■■ iTdlablc in the full p*p«. 



helicopter operatioiis more seriously than fixed wing aircraft, it may be 
assumed that the estimated distance for the efficient transit of passengers 
and/or freight is 200 statute miles. 

For the United Kingdom heUaq>ter operations will first assist fixed 
wing operations, and eventually supersede them completely withm a 
relatively short period, when the larger type helicopter is available. The 
purpose of any paper on Navigation will thus be to review the present 
method of internal transport, and then put forward the basic requirements 
for the helicopter to do, at first, precisely the same work, and eventually 
to increase this work, as the fixed wing aircraft. What is more, the criterion 
must be that the use of helicopters for internal transport will be more efficient 
than fixed wing aircraft. 

From the figures issued by the British Division of the British European 
Airways the initial target becomes : — 

Passenger load faaor : 63*4% Annual utilisation : 1.156 hours 

Revenue load foaor : 53-4% Percentage regularity of service : 95*2% 

Average passenger load : 6*9 persons Average length of stage : 102 st. miles. 
Average might load : 1>289 lbs. 

Average length of hauls : 137 st. miles passenger ; 150 st. miles freight ; 130 st. 
miles mail. 

Note : The figures quoted are for the period April, 1947, to February, 
1948. 

Stage Distance, It has been shown that up to 200 miles, or even 
further, the heUcopter is more efficient than the aeroplane. Thus nearly 
every one of the stages completed by B.E.A. British Division fidl within 
this category. 

Load. Helicopters are in the prototype stage which will carry either : 

(i). 3 passengers or 750 lbs. (iii). 24 passengers of 8,500 lbs. 
(ii). 12 passengers or 4,200 lbs. 

These latter two types will be able to handle the average loads as stated 
in the above figures. 

Annual Utilisation is an engineering problem, and outside the scope 
of this lecture. It seems possible that the helicopter wiU become as 
mechanically efficient as the present aeroplane. 

Regularity of Service. The average figure of 95% is the initial target, 
and it is with this figure in view that the main thesis of this paper is con- 
cerned. To arrive at a reasonable statement of the problem the paper is 
set out in the following form : — 

Part II. The need for a navigation aid. 

* Part III. The navigation aids that are available. 

* Part IV. The requirements for helicopter navigation and the aids that 

meet these requirements, at least in part. 

Before discussing the subject of Navigation is it advisable to examine 
the present position in the U.K. and at the same time remember that the 
provision of navigation aids for the helicopter, if required, should not greatly 
increase the present telecommunications system. Also, it is submitted, that 

Parts III and IV were not delivered as pan of the Lecture, 
but are available in the Association Library for reference. 
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helicopter operators should bear in mind when ordering navigation equip- 
ment, or asking for its provision by the State, the initial cost of installation, 
operation, and maintenance, and compare this with the increased services 
that such systems would provide. It may well be that the cost of installing 
such navigation aids will far outweigh the benefits that vidll accrue from 
their utilisation. 

The present situation. Most of the flying taking place in and over the 
U.K. does so during daylight hours. In fact is it questionable that night 
services in this country bear any advantage over rail transport when the 
important question of passenger comfort is discussed. 

It would appear that there is little call for night services for passenger 
trafSc at least in the U.K. internal services. Thus it may be established 
that the majority of the civil flying in the U.K. vidll take place during the 
daylight hours. 

To accommodate this trafiic, which is a substantial proportion of the 
total air traffic into the U.K., a vast organisation has been created. 

Aerodromes. There are 132 aerodromes in the U.K. available to 
dvil aircraft. Of these 62 are dvil aerodromes, 50 are R.A.F. aero- 
dromes, and 20 private aerodromes. Of this total 71 have no facilities 
for night flying and 5 have limited facilities. Of the dvil aerodromes, 
34 have no facilities, 5 have limited facilities, and to this list must be 
added 18 private didl aerodromes which also have no facilities. This 
substantiates the assertion that much of the air traffic ia the U.K. is 
soldy in the dayUght hours. 

Telecommunications, To assist this air traffic and provide inform- 
ation for control purposes a comprehensive network of radio stations 
and installations is available. Details of this may be found in " Notice 

to Airmen," No. 16048 and Amendments. 

Note : Not all these systems and aids are used exclusively for internal net-works. 
It is difficult to separate the utilisation of the telecommunications net-work of the 
internal and intemadonal routes. But if it can be shown that the helicopter can replace 
the aeroplane on all internal routes, then the country will require about eight major 
airports to handle the international traffic, and a number of small landing areas to 
handle the inter-connecting helicopter services. These landing areas can l^ situated 
dose to, or inside, the towns, thus increasing the over-all speed of passenger and/or 
goods transit. There are further considerations : — 

(a) There would probably be a reduction in the telecommunications net-work. 

lb) There would certainly be a reduction in the number of airfields available 
for dvil aircraft, and, as a consequence, 

(c) The land could be returned to use for the produaion of food. 

The Problem of Navigating the Helicopter. 

the need for a navigation aid. 
Purpose. 

The purpose of this paper is to attempt to study the need for a navigation 
aid for helicopter operations, and the advisability of introducing ground 
aids. To date, it has been assumed that the helicopter must be equipped 
with a blind flying panel and a reliable navigation aid before it can operate 
commercially with safety and regularity. This paper attempts to show that, 
except for certain limit^ areas at definite periods of the day, the helicopter 
can operate during daylight hours with up to 98 per cent, regularity of 
service without any additional equipment. 
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Factors preventing r^tdarity of service. 

The phenomena which may interrupt any air operations of aircraft 



are : — 



Weather. 



Reduced visibility. It has been reliably stated that the helicopter can 
operate in reduced visibility conditions of 440 yards with safety, and still 
mflintain a Schedule. Thus at an altitude of 1,000 feet above the surface, 
to obtain a forward ground visibilfty of 440 yards, the slant visibility will 

Diagram 1. The visibility condition is 550 yards 
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have to be 550 yards. Diagram 1 shows the relationship between forward 
ground visibility and slant visibility. The figure of 1,000 feet altitude is 
taken because it seems unlikely that the heUcopter wiU operate at much 
greater heights than this. The number gf occasions when the visibility is 
less than 550 yards is determined in the following paragraphs. 

The consideration of visibility must also include a mention of night 
flying. The basic need for night flights must be 

(a) increased stability of the machine ; 

(b) a blind flying panel*; 

(c) a navigation aid. 

These problems still await a solution, and although the Americans 
have granted Certificates of Airworthiness to the S.51 and the Bell 47 for 
operation at night the number of occasions when this will be possible will 
small, and at any rate too unreliable to assess for use with scheduled opera- 
tions. But because these problems have not been solved, there is no need 
to halt the commercial development of the helicopter for daylight operations. 

High winds. It is inadvisable to operate the helicopter in high winds 
for two reasons : — 

(a) Starting and stopping the main rotor blades is complicated by the 
buffetting they will receive, which is likely to damage the blades. 
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(b) From the point of view of this paper, the effea of the wind on 
the ground speed of the heUoopter is more important. If the 
limit of operation of the helicopter is in winds of 40 m.p.h., then 
with present-day machines, assuming an air speed of 80 m.p.h., 
the ground speed will vary between 40 and 120 m.p.h., depending 
on the assistance the machine is receiving &om the wind of other- 
wise. This will increase the cost of a single operation over a 
particular route, and will have to be allowed for in the final analysis 
of costing helicopter operations. It would, for instance, have a 
considerable effect on the figures given for the comparative speeds 
of different transport systems (Raoul Hafner Lecture and artide 
in ** American Helicopter "). This is shown in Diagram 2, when 
the figures postulated by Hafner are subjeaed to a head wind of 
40 m.p.h. For interest, the same analysis is given for a tail wiml 
component of 40 m.p.h. in Diagram 2. 

Although this wind effect should be noted, the number of occasions 
when the wind exceeds this maximum figure is less than 1% of the total 
observations. For the purposes of this analysis this item can be ignored. 



Diagram 2 
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Low cloud base. When the cloud is too low to offer a prospect of 
flight imder contact conditions with safety then once more operations will 
have to be suspended. This low height limit is taken to be 500 feet above 
the surfiux of the «uth. The number of occasions when this occurs as an 
isolated phenomena is small. Usually, low cloud covering the high ground 
in die vicinity is associated either widi high wind and/or rain. Thus these 
occasions will be included in the reports for lowered visibility, and there is 
no need to make a special study here of this efifea. 

From Diagram 2 it would appear safe to say that for distances up to 
200 statute miles the helicopter is more speedy than any other form of 
transport. This figure is also supported by Chawla, an American economist. 



Ai90CuUum of Gt. Britain. 



29 



who postulates a maximum figure of 250 statute miles, and our President, 
Mr. Marsh, who also has estimated this distance as 200 statute miles. 

Rain. Rain generally lowers the visibility to approximately half that 
prevailing in dear conditions at the time. Thus the occasions when this 
phenomena is likely to interfere with helicopter operations by lowering the 
visilnlity will also be included in the visibility figures. It is assumed that 
the helicopter will be able to operate in light rain which does not reduce 
the visibility to less than 550 yards, although at the present time it is feared 
that the main rotor blades will sufifer damage by pitting. The introduction 
of blades made by substances other than fiibric wUl overcome this problem. 

Snotv. No known information is available on the behaviour of the 
heUcopter under idng and snow conditions. In any case snow reduces the 
visibility below 550 yards and is thus included in the visibility figures. 
Icing is not assumed to present a difficult problem as the helicopter pilot 
will not enter ice-forming cloud. The problem will be overcome for the 
present by de&ult rather than solution. 

Comment, These weather phenomena can all be included when a 
study of the reports of visibility is made. The number of occasions when 
one of the above phenomena occur and at the same time the visibility is 
greater than 550 yards is assumed to be negligible. 

Mechanical Unserviceability. 

This efifea will also reduce the regularity of helicopter operations but 
is overcome by the introduction of reserve machines. This problem does 
not fall into the compass of this paper, but is one that should be discussed 
when the ecomonics of operating the machines is studied. 

Provisional Target, 

The helicopter is to augment and finally supersede the air transport 
services at present available in this country. Thus the first target is to 
equal the figures issued by the B.E.A. British Division for passengers carried, 
freight carried, utilisation, and regularity of service. The relevant details 
are : — 

Passengers carried per aircraft-trip : 7. 

Freight carried per aircraft- trip : 1,289 lbs. 

Average length of haul : 133 statute miles. 

Annual utilisation : 1,156 hours. 

Percentage regularity : 95%. 

As it is anticipated that the helicopter will operate over short distances, 
less than 200 statute miles per stage, and the new machines, at present in 
the prototype stage, will be designed to cope with the above passenger and 
less than 200 statute miles per stage, and the new machines, at present in 
freight loads, the two faaors left for comparison are the annual utilisation, 
and the percentage regularity of service. The former will be studied in 
any analysis of the economics of operation of the helicopter. The latter is 
the basis of study of this paper, and the figure of 95% regularity of service 
is taken as the minimum requirement for this initial stage. 
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Method. 

The British Isles was divided arbitrarily into thirteen areas corresponding 
with the division of the Meteorological Office (see Diagram 3). A number 
of Reporting Stations were selected for each area and the endeavour made 
that the area was adequately covered for synoptic information. This was 
accepted on the premise that the helicopter will operate, in the main, either 
local services of a radius of 80 statute miles &om the bfise to augment and 

Diagram 3, Reporting Stations and Areas 
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Scotland 

1 Scotland E. 

2 England N.E. 

3 England E. 

4 Midland Ctles. 

5 England S.E. 
6a Scotland W. 
6b isle of Man 
7a England N.W. 
7b N. Wales 

8a S. Wales 

8b England S.W. 

Nl North Ireland 
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feed other air services, or direa stage distances of not more than 200 statute 
miles. This latter would cover two of the areas and both would have to 
be studied to obtain a reasonably accurate estimate of the regularity of 
service that may be expected on such a route. Despite this arbitrary 
choice of areas and Stations it is felt that any change in this division of 
the country would not materially affect the final conclusion. 

The synoptic reports from these Stations for each of the areas was 
studied for the period 1942-46 inclusive. A five-year period was considered 
the minimum to obtain reliable results. The visibility reports only were 
studied, as exphdned on page 32, and in order to standardise these readings. 
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the reports given at six-hourly intervak were considered to be issued in the 
middle of such an interval, e,g,y 

Report at 03.00 hours valid for 00.00-06.00. 
Report at 09.00 hours valid for 06.00- 12.00.* 
Report at 15.00 hours valid for 12.00-18.00. 
Report at 21.00 hours valid for 18.00-24.00. 

Also for the years 1942-44 reports were issued at 07.00 and 13.00 hours. 
These were considered to be virtually the same as the 09.00 and 15.00 hour 
reports, and were included with them. In order to conform with para. 1, 
page 27, the reports were split into day and night, day being considered to 
last from 06.00-18.00 hours. This would have the effect of making the 
results of the analysis conservative, as the figures would include part of 
the winter night hours when flying would be restricted by conditions other 
than the visibility, and they would exclude the periods in the summer 
months when good flying weather is experienced up to 22.00 hours. 

From the reports sub-divided in this manner, the visibility conditions 
were compiled for each of tho meteorological code figures, and the results 
tabulated. From these figui:$ the percentage of the occasions when the 
reports gave a visibility Code 2 or less (550 yards or less) were taken for each 
of the areas. 

Note : The Tables on which the final Table I was constructed arc 
included in the full paper in the Association Library. 

These percentages were then summarised for the five-year period : 
see Table I. 

In the preliminary Tables used to constnurt Table I the figures are 
given fi3r the night observations although no detailed analysis is made of 
these figures. Both the S.51 and Bell 47 have beei^ given Certificates of 
Airworthiness to operate under contact conditions at night, i.e., provided 
that a natural horizon is available. In order to obtain an approximate 
figure of the expected regularity of service of such an operation the minimum 
condition for the visibiUty is taken as 2.25 statute miles, i.e.. Code figure 6. 
This approximate figure will not consider the effect of moonlight on such 
operations. 

Results, 
Day, From Table I it will be seen that over the five-year period the number 
of occasions when ^JieUcopter, as at present equipped, cannot operate varies 
with the area, and in no case exceeds 5%. Thus at the present time the 
helicopter can give a 95% regularity of service. 

This means that any navigation aid will have to increase the regularity 
of service from 1-4%, assuming that the best figure to be obtained for 
regularity of scheduled operaaons if 99%, which is high when compared 
with other forms of air transport. 

Because of the very small increase in regularity that must be attained, 
the navigation aid may not be of a universal nature, such as GEE, because 
the aircraft utilisation of this aid will be so small as to make the actual cost 
of operation in terms of improvement of service quite high. 

Thus the aid required will have to be of a local nature, providing homing 
facilities with light equipment in the aircraft. This is to allow the aircraft 
to have maximum payload, and not have to carry a navigation aid* which 
will occupy space and weight, when the number of occasions on which it 

*Nou: It is proposed to discuss the navigation aid required on another occasion 
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is to be used will be small, and thus increase the actual cost of operating the 
equipment per occasion used. 

The r^iularity of service compares £ivourably with the figure achieved 
by B.E.A. British Division. Also it should be noted that tiit helicopter 
will be able to achieve a better door-to-door time for each of the stages of 
the flights. This faaor of 95% can be improved in the near future. 

The B.E.A. helicopter operations should, according to these tables, 
have achieved a regularity of serv ce of 98% in the Yeovil area. The figure 
obtained was 96% regularity of service during the worst flying montte of 
the year. For the Norfolk area, with operations taking place in the better 
flying weather, June- August, the figure should be better than 97.7%. 

The helicopter, as it is equipped at present, can achieve a better figure 
for reliability of service than the fixed wing aircraft without the aid of a 
blind flying panel or a navigation homing aid This is true of day flying 
anlyy but the majority of British internal services operate during the day. 

TABLE I. 



Observations. Summary, Years 1942-46. 

The following Table is a Summary of the results for the period concerned. 
The percentage of the occasions when the visibility is below the prescribed minimMy t^ 
of 550 yards is tabulated against the areas concerned, and an average taken over the 
five-3rear period. 



Area 


1942 


1943 


1944 


1945 


1946 


Minimum 
Average 


Scotland, N. 


1-2 


1-2 


2 


10 


1-9 


1-5 


Scotland, E. 


M 


1-2 


1-3 


1-4 


1-5 


1-3 


ScotlandjW. 


1-6 


1-5 


10 


1-8 


1-3 


1-4 


Isle of Man 




0-2 


0-9 


1-7 


0-6 


0-9 


England, N.E. 


24 


41 


2 9 


24 


2-8 


2-8 


England, E. 


1-8 


2-6 


3-2 


2 


1-8 


2-3 


Midland Cities 


46 


49 


4-5 


4-9 


3 


4-4 


England, S.E. 


2-7 


31 


2-5 


34 


1-8 


2-7 


England, N.W. 


36 


36 


30 


4-5 


2-4 


34 


N. Wales 


12 


1-8 


09 


10 


0-3 


10 


S. Wales 


2-4 


1-2 


1-8 


31 


1-3 


2 


England, S.W. 


1-7 


1-5 


1-6 


3-8 


1-4 


2 


N. Ireland 




1-2 


M 


2-2 


1-2 


1-2 
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Anomalies in the Observations, 

There are a number of places which have reported throughout the 
year minimum visibility conditions of less than 550 yards for more than 
5% of the total reports. These places are listed in Table II. At first 
glimce this looks a formidable list covering large sections of the British Isles. 
But in all cases except three the reports show that the reduced visibility is 
due to morning local fog which dears rapidly by mid-day. All these mid-day 
figures show a reduction to less than 5% of the observations which fidls 
below the prescribed limiting figure. The places which report persistent 
minimum visibility of 550 yards on more than 5% of the observations are 
coastal areas away from populated areas> and the conditions are produced 
by persistent sea-fog. 

Note : The full Table II is available for inspection in the full 
paper in the Association Library. 



TABLE lA. 

The following table is a summaiy of the results of the same period when the 
visibility conditions are less than 1,000 yards Code 3. The figure for the expected 
percentage of occasions when the helicopter will be unable to operate owing to reduced 
visibility is nearer to the average in Table I than in Table Ia. An estimate is made 
of the expected figures by weighting the results obtained. This is given in Table Ia. 



Area 


1942 


1943 


1944 


1945 


1946 


Maximum 
Average 


Estimated 
Percentage 


Scotland, N. 


26 


1-4 


2-4 


15 


2-5 


21 


1-6 


Scotland, E. 


33 


2 6 


2 


2-8 


22 


26 


1-6 


Scotland, W. 


36 


3 


3 


36 


26 


32 


1-8 


Isle of Man 




1-2 


2 


34 


09 


15 


10 


England, N.E. 


5 


65 


52 


4-8 


52 


53 


33 


England, E. 


36 


5 


4-8 


4 


3-4 


42 


27 


Midland Cities 


9 


9 


85 


9-2 


55 


82 


5 2 


England, S.E. 


5-4 


5 


4 


6 


36 


54 


33 


England N.W. 


7-2 


7-2 


70 


8 


70 


7-3 


42 


N. Wales 


26 


40 


12 


2-4 


0-9 


22 


1-2 


S. Wales 


36 


20 


34 


38 


24 


30 


23 


England, S.W. 


26 


30 


30 


4-8 


1-8 


23 


23 


N. Ireland 




2 


1-9 


2-6 


1-8 


21 


1-4 



The table was weighted by allowing a balance of four times the average in Table I 
to one of the average of Table I a. This purely arbitrary method of estimation is 
designed to bring the results near to the proscribed visibility minimum of 550 yards. 

This table also allows for a 20% error in the observations made under Code 3, 
i.e.y on 20% of the occasions that Code 3 was reported it was in fact so near the limiting 
figure of 550 yards as to preclude helicopter operations. 
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Wt JoutnaV oj \Wt, Helicopter 



To assist helicopter operations into these areas, the correa scheduling of 
aircraft would achieve the desired end. It may be that some fbrm of ground 
aid would also be desirable. 

Congested Areas. 

It is thought improbable that single-engin^ helicopters will be allowed 

to operate into mwns unless the track follows a route which provides suitable 

laoiting areas in case of emergency. These landing areas should be of the 

order of 300 by 150 feet> and spaced approximately half a mile apan. 

Inspection of a number of towns will prove that few can oScr this faolity. 

The figure of half-a-mile is derived : — 

The normal operating height will be 1,000 feet above the highest 
point on or near die track. 

The normal descent in autorotadon will be at 1,200 feet per minute 
at 45 m.p.h. indicated forward speed. 

Thus the time of descent will be SO seconds plus time for " flare- 
out " and landing, during which time the helicopter will have travelled 
five-eights mile. Allowing a factor for wind, turning into wind, etc., 
the optimum figure becomes half a mile. If the disc loading on heli- 
copters is decrrased, which is away from present development trends, 
then the ghde may be made more shallow and the distance between 
landing areas increased. 
Thus the operation of single-engine helicopters into congested areas 

will be precluded. 



TABLE II. Anomaues of the OasaitVATiONS. 

A number of indjvidiul stationi repoR less than 550 yards viubilit; on more 
than 5% of occasion!. Thete uv liitea below to show, except in three caies, diis 
ia onlf true of the moming or the evening repona, but that the phenomena causing 
the low viiibilitf clean before mid-day and in the afternoon, allowing operations 
under the conditions that have been proposed. 

These stations are lined below, and the Table gives the moming, mid-day, and 
evening reports to thaw the clearance. Tliis is an important point, if it is proposed 
to ichedule helicopter aervicea into these areas. 



Place 


W2 




443 




1944 




945 






W 




Time of Ob.™. 


9 


IS 


21 


» 


15 


21 


9 1 15 


21 


9 


15 


31 


« 


It 


21 


Bidiion Obiy. 




















5 


— 


— 










10 


1 


J5 


6 


35 


45 


' 


Z'5 


3S 


7 


— 


— 








BoKombeDown 








6 






1 


-2 


2 


^ 


1 


3 








CmeWnib 








« 






S'5 


6S 


S 








S 


4 


25 


Cttlerid. 


9 


25 


4-5 


13 












1 










Cnnwell 








9 




'-' 


6 


2 


25 


i 


1 


4 








CniTdon 








i 




7-i 








5 


2 


2-5 








Diiffidd 








s 


2 


li 


i 


1 


IS 














Dumublc 


6-S 


1-5 


2-5 


ts 






* 


1 


-2 














Duchun 




















^ 


a 


3 


6 


1 


4 


B.kd.knmlr 












1 













S-* 


_1_ 


4 






, 



Place 


.M2 


19M 


1M5 


1946 


TtotofOtavm. 


9 |15 .1 


9 1 IS 


21 


« 


15 


21 


9 


15 


21 


4 


15 


21 




1 1 


j 




5 


1-5 


1 
















1 1 


1 




11 


15 


2-5 


75 


IS 


1 


45 


1 


2 


Gmawich 


* 


- 


— 


Ifl 


— 


— 


6 


- 


— 


« 


— 


- 


4S 


— 


- 










10 


— 


- 


7 


- 


— 


« 


- 


- 


8 5 


— 


- 


Kew 


6 


2-5 


3S 


10'« 


2 


i 


6 


3* 


35 


7-5 


2 


45 








LinlE Riuina 














10 


3 


5 


J05 


3 


6 








LukhlU 




















T 


1 











LiWon-oo-OuM 






9 


1-5 


1-5 


a 


2 


3 
































|75 


- 


3 








Ltaid 




















« 


7 


7 








Lnnpue 


3-5 


15 


2 








9 


25 


3 


75 


2 


ss 
















5 


i 


i 




























S 


1 


25 


«5 


2 


2 
















13-5 


— 


- 


135 


~ 


- 


n 


— 


- 


11-5 


- 


— 


S 


- 


- 


Orford 


t 


— 


— 


75 


- 


— 


! 


— 


- 
















65 


1 


M 














65 


I 


35 








Renfrew 


J 


2 


25 














6 


3 


3 


5-5 


— 


- 


Riogwir 




















6 


2-5 


25 








Rhiyder 




















6 


- 


— 










«5 


0! 


3 


9 


1 


1-5 


fi 


2 


i 


5* 


1-5 


45 
















7 


- 


— 


6i 


- 


— 














Seooof. 














!i 


2 


25 














SoUod 


5 


15 


15 




























5 


— 


— 


























SouOipon 


i 


5 


1-5 














6 


3 


— 








St. Ann'i K«d 














6 


45 


5 


« 


55 


6 




1 

I 


TunHill 








ii 


IS 


2 


a 


1 


15 


7 


' 


s 




Thomby 








5 


2 


25 
















Upper Heyfoid 


1 




8 


i 


1 






1 1 






Whley 


1 1 ' 


— 


-1 1 1 1 M- 


-I 


- 


MoDiley 


1 l'» 


"I>I"|"I"I'M' 


*'l 



- indicates that the reporting si 



s for the times indicated. 



55 for the years, 1942, 1943 and 1944, the reporting times were actually 01.00, 07.00, 
13.00 and 18.00 hours instead of the 03.00, 09.00, 15.00 and 21.00 hours respec- 
lively. TTiey have been grouped with the nearest time. 



COMMENT. 

From these figures it has been shown that the helicopter can operate 
with safety and a higher degree of regularity than the fixed wing aircraft 
over the British Isles. The need for a navigation aid exists, and aldiough it 
is an imperative requirement, it is subsidiary to the solution of the problems 
of greater stability of the machine, and the provision of a blind flying panel. 
Apart from reasons of economy, if a navigation aid is required to &alitate 
expanded helicopter operation^ by day, it will require to be cheap, simple, 
lig^t-weight, and easy to maintain both for air and ground installations. 
To illustrate this point : From any of the sets of figures in the tables used 
to construct Table I, assuming that the safe minimum visibility for fixed 
wing aircraft is 2.5 miles for contact flight, then there are approximately 
between 12.7% and 39.6% of the occasions when some aid is required. As 
this figure is large, it is economically sound to spend a large sum of money 
on some form of instrument and navigation aids. This is not true of 
helicopters, and the above observations are made. 

The form of the navigation aid which may be required for day operations 
is to be discussed in Part IV of this paper, but outlined it will probisibly be : 

A ground aid into congested aroas, when allowed to operate, 
marking a safe track by lights every 400 yards or so, preferably leading 
from a homing beacon outside the congested area. The helicopter will 
home to a beacon and then proceed in on a specified track, guided by 
ground installations. Or 

VHF D/F Homer : A small light installation for homing on to 
a low power beacon with restricted range. The same frequency can 
also be used for voice transmission. 

A radar homing aid. This has the disadvantage of no speech 
transmission, but provides the helicopter with range and bearing from 
a fixed ground installation. 



Conclusions. 

1. The conmierdal development of the helicopter can be undertaken 
with as high a degree of reliability of service as at present given by the fixed 
wing aircraft, without the installation of any further instruments or aids. 

2. Ground aids can be introduced, in the first instance, at specified 
points only to assist operations into areas where the reduced visibility 
conditions tend to lower the regularity of service. 

3. During the interim period the problems of stability and of blind 
flying can be tackled and overcome. 

4. Useful data on the operation and economic servicing of the heli- 
copter can be obtained in this period. 

5. Given para 3, the helicopter can be provided with navigation aids 
which will give it, for this country, a regularity of service and speed of 
operation which the present form of air transport cannot hope to achieve, 
even with the introduction of ** all weather flying." 

A stocitUum of Gt. Britain. ^^ 



Mr. a. McClements Vote of Thanks to Mr. Usher. 

It gives me great pleasure to thank Mr. Usher, on behalf of the Associa- 
tion, for presenting to us today part of his paper on '* Navigational Aids 
for the Helicopter." 

That Mr. Usher has chosen for his paper a subject of the utnaost 
importance is obvious, and it is gratifying to us all to know that a man of 
his calibre is giving intensive thought to the overall problem. We look 
forward with interest to reading the remainder of his paper which, I am 
sure, will be a contribution of the utmost value. 

From the discussion we have just heard, it is iq>parent that we have a 
long way to go before we reach a solution to our navigational problems 
acceptable to us all. Nevertheless, so pressing is the need for an early 
solution, that we must proceed vigorously in our researches. It is my 
impression that the technician must provide, before long, an aid which is 
both simple in presentation and accurate. If he does not, commercial 
exploitation of the helicopter will be seriously handicapped because full 
utilisation by flying under bad weather conditions during day and night 
will not be possible as soon as we wish. 

I think it only remains for me to thank Mr. Usher again and to request 
you to signify your appreciation in the normal manner. 



Discussion. 



The Discussion following Mr. Usher's Lecture will be reproduced in 
the next issue of the Journal. 
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Obituary 

J. A. Mcmullen, m.b.e. 

Pioneer of Rotary Wing Flying. 



August 15th marked a very sad day 
for members of the Assodatbn and aU 
other rotary wing enthusiasts, in that our 
oldest amd most respected Founder 
Member passed away as the result of a 
serious operation at the age of 84. 

Mr. McMullcn, or " Mac " as he was 
affectionately known, will be remembered 
by all rotary wing devotees as the first 
pupil of the Autogiro Flying School and 
the first private owner of an autt^iro in 
this country. In &ct, it was as the result of his purchasing a C.19 Mk. IV 
autogiro, that the School was formed and " Mac " at\d I taught each 
other to fly the aircraft. 

During the 1914-18 war he was a Navigation Instructor in the R.A.F. 
and was made an M.B.E. for his services. He did not take up flying on his 
own account until 1932 and qualified for the first ah initio Autogiro "A" 
Licence in July, 1932, at the age of 69. His affection for the autogiro was 
unboundedaDdhemadcuscofhisaircraft to visit friends and relatives in all 
parts of this country and also Ireland. Some of his navigation ideas were 
unorthodox and he published a little book on this subject in ibt early 30's. 
I well remember the preparations for his trip to Dublin, which amounted to 
serious study of maps, drawing a few diagrams on plain postcards, then 
discarding the maps and setting off, but the fact remains that the trip was 
100% successful including a forced landing in Cumberland due to fog. A 
" mock trial " was held on him for this episode which ended by the presen- 
tation of a silver tankard from his friends to mark the occasion. lUs C.I9 
flying was marred by one serious accident when THnftj^g at Hanworth one 
Sunday with a passenger on board. Looking out to one side be omined 
to notice a high tree -aHucb caught the ojqxisite side stub wing and the 
aircraft fell into a pond. Both " Mac " and his passenger had to be fished 
out, luckily with only a few bruises and a shaking up. 

He continued to use a C.I9 until about 1937, when the type became 
extinct, and then bought a BAC Drone and carried on his aciul tr^ in 
much the same way. Needless to say, 1939 put a stop to his flying but be 
took it up again in 1946. The medicos would not pass him for an "A" 
Licence, but even so he flew around the country visitmg with a safety pilot 
vriiose sole job was to satisfy the rcgulatioas, as " Mac " was pmecdy 
competent to handle the aircraft. 

Evcivone who had the privil^e of knowing " Mac " and being counted 
amongst his friends will wholchcutcdly agree wi± me that he was one of 
nature's real gentlemen in every respea. On behalf of the Association I 
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tried to ammge for a suitable floial tribute, but this was not possible. In 
response to my wire to General McMullen, Mr. McMullen's only son, I 
received the following reply : — 

'^Your tel^ram deeply qypredated. Crenuition took place 

Tuesday and as^ were taken by air from Brozboume Aerodrome 

and scattered at sea. There were no flowers by request but very many 

thanks for kind thought. McMullen." 

I should like to cod by saying " And so passes a Grand Person.' 

H. A. Maksh. 
I8th August, 1948. 

It is with r^ret that we also have to announce the death of two other 
members of our Association : 

Mr. P. W. Howes — in an aircraft accident on July 2nd, 1948, 

and 
Lt. (A.) E. J. Ockelford, R.N.^in an aircraft accident, July, 1948. 



IMPORTANT NOTICE. 

CHANGE OF ADDRESS. 

Thanks to the generous response of the Aircraft Industry to an q>peal 
for fimds made on behalf of members by our Chairman, the Association 
has now been able to acquire its own office acconunodation. 

The tppeal of our Chairman was made for the specific purpose oi 
obtaining eixnigh fimds to estabfoh our own offices, made necessary by the 
increase in the Association's activities. Great inconvenience was found in 
sharing the original office accommodation at Finsbury Circus House. 

The Association would like to place on record its appreciation for the 
generosity displayed by the following firms : 

The Bristol Aeroplane Co. Firth Helicopter Ltd. 

The Qerva Autogyro Co. Irvin-Bell Helicopter Sales Ltd. 

The Faircy Aviation Co. Pest Control Ltd. 

The Westland Aircraft Co. 

The request was a specific one for ^(^50 per annum for three years fixmi 
the larger finns and ^^25 per annum fix>m the smaller ones. The majority 
of those qyproached have guaranteed the sum requested, the others will 
review the situation annually. Mr. J. G. Weir, on behalf of the Qerva 
Autogiro Company, sent a cheque for jC^SO to cover the request and the 
remainder as a contribution to the Reserve Fund. 

Members should note that as from August 1st, 1948, the Association's 
Offices have been moved into Londonderry House, 19 Park Lane, London, 
W.l, the new telephone number being GROsvenor 1771. 

Members are reminded that they are welcome to call at the offices at 
any time, and it is hoped that soon there will be a small library of helicopter 
literature besides the usual selection of aeronautical magazines, etc. 

It whould be noted that the registered address of the Association remains 
at Finsbury Circus House, but idbat all fiiture correspondence should be 
addressed to the new premises at Park Lane. 
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Editorial 

Three events of importance in the history of the Association mark the 
passage of the last three months. 

Firstly, the decision by the Council that the time had arrived to bring 
into use the office of President of the Association, and the election to that 
office of the first President — J. G. WEIR, Esq., c.m.g., C3.e., F.R.Ae.s. 
The Association is honoured by Mr. J. G. WEIR'S acceptance of diis 
office, and his enthusiasm for the Rotating Wing Aircraft will do much to 
further the objects for which it was formed. 

Secondly, the Joint Meeting with The Royal Aeronautical Society 
proved to be an event of outstamling interest to members. In all, some 
400/500 members of the two organisations attended the meeting, of which 
our membershq) was very well represented. The five papers read to the meet- 
ing covered mjxh usefid groimd, and the discussion which foUowed was most 
illuminating. Through the courtesy of The Royal Aeronautical Society 
diis material is being made available to the Publications Committee and the 
whole of the Joint Day Discussion Proceedings will be reproduced in the 
next issue of the Journal. 

Lastly, but by no means the least, comes a matter of finance. The 
Associations* financial position has never been a particularly strong one, and 
in order to meet this and to provide for increasing expenditure with increasing 
activities in the future,, the Council have decided to make available some 
space in the Journal for full and half page advertisements. This meets 
several specific requests which have been received over a period. Since 
the financial problems associated with the publication of the Journal are 
very much the concern of the Publications Committee, it is gratifying to 
see the immediate response to this decision. Although the circulation is> 
as yet, relatively small, the Journal does have one unique feature in that 
it finds its way straight to the heart of the whole Rotating Wing movement 
in this coimtry, as well as in many countries overseas. 

That the sound financial status of the Association is also very much 
the concern of its individual members is witnessed by the unanimous vote at 
the Extraordinary General Meeting to increase our own subscriptions, of 
which a full report is contained elsewhere in this issue. With this strengthen- 
ing the Association continues to make satisfiu:tory progress in its aims, to 
the benefit of its members and to the advancement of the Science as a whole. 




SIXTH LECnntE 1948 

Automatic Stablllsatioii of 
Helicopters* 

By G. J. SISSINGH, iml iho. 

A I*ctiirt prntnud to ih* HtHeopttr Asioda- 
tion ofGt. Britain, on Saturday, 23rd Oetobtr, 
1 948, in tht Sbrary tf Th* Royal Aeronaiaiedl 
SoeUty, London, W.I. 

H. A. MARSH, A.F.C, A.F JLAe^., in the Chair 



iNTXODUcnON BY Dr. J. A. J. Bbnnett. 

Mr. Chmrman, Ladies and GetitUmen, 

It is a pleasure to introduce our lectuier this afternoon. Althou^ is i 
feUow-member he has remained modestly ia the background until now, 
Dr. Sissingh is known internationally as a leading aeiodynaniicist in the 
rotary-wing field. 

Perhaps his first notable contribution was a paper published in " Luft- 
&hrtforschung " czacdy 10 years ago ; this was later translated into English 
and became an N.A.C.A. Technical Memoiandum. In his calculations 
Dr. Sissingh was not content with a rough estimate of the average values 
of drt% coefficient and induced velocity but took into account their distribu- 
tion along the blade. This unwillingness (o make enqiirical assumptions 
merely for the sake of mathematical simplicity is typical of his subsequent 
work. 

For a number of years Dr. Sissingh has devoted his attention ra 
heUcopter stability and has written extensively on this important problem. 
His investigations were conducted first at the Flcttner Company near Berlin, 
then at the weU-known Kaiser Wilhclm Institut at G6ttingcn, and recently 
at the Royal Aircraft Establishment. 

There is no one more competent, therefore, to talk on the " Automatic 
Stabili<>ation of Helicopters." We have all had a vague idea of the effective- 
ness of certain devices developed for this purpose in the United States, and 
this afternoon Dr. Sissingh has undertaken to clarify the position and to 
tell us exactly what can be expected of automatic stabilisers in the future. 

•Crown r«pynghl rnerved. Reproduced wiih ibe^enBiuion of Ihe Controller of Hii Mjiatr*! 
4 Till Jountit s/ On HtlicopUr 



DR. G. J. SISSINGH. 
Mr. Chairman^ Ladies and Gentlemen. 

Before I proceed to deliver my pq>2r, I would like to acknowledge that 
I am greatly indebted to the Ministry of Supply, and to Group Oeiptain 
LiPTROT in p«iTticular, for permission to do so, and dso for having given me 
the oppDrtunity aid fkdlities for continuing my work on this subject I wish 
also to express my thanks to the Council of the H.licopter Association for 
the great honour d^ne me by allowing me to address you this afternoon. 

My lecture today deals with the automatic stabilisation of the helicopter 
in hovering flight and is mainly concerned with the Sikorsky configuration. 
You all know that this configuration is inherently dynamically unstable in 
die low .speed range and that after a disturbance an increasing oscillatft>n 
builds iq>. Ther^re, an automatic control device is very desirable. It 
would not only be a he^ to the pilot but would also be a very great advantage 
for night and blind flying operations, which at present are only possible 
under ** contact conditions " or with the use of instruments. 

During recent years some American firms such as Bell and Hiller have 
already made an encouraging b^inning with automatic control. We know 
diat the results still leave something to be desired, but it is at least a start. 
We shall try to find out how these control devices work and what is still 
wrong with them. 

I want to avoid going into the mathematical complexities of the problem, 
in order to make the main points as dear as possible. Any of my listeners 
who wish to go into the theoretical side more thoroughly are referred to 
various R.A.E. reports on this subject which are to be published in the near 
fiiture. 

Fundamentals of Control Displacements Necessary to 

Govern an Unstable Heucopter. 

At first sight the problem of automatic control and stabilisation looks 
very complex. But it becomes much simpler if we tackle it in a roundabout 
way by first investigating the efifect of given periodic control displacements 
on the dynamic stability. 

The investigations have shown that it is sufficient if we restrict ourselves 
to control displacements which are proportional to and in phase with 

(1) the attitude of die helicopter, and 

(2) the angular velocity of the helicopter, 

and a combination of these two types. The former corresponds to a kind of 
static stability and the latter to a kind of damping. The control displace- 
ments mentioned above are illustrated in Fig. 1 for a disturbed longitudinal 
motion (la being a sketch of the angle in pitdbi against time). The curves 
of lb and Ic show the attitude and the angular velocity of the helicopter and 
the broken lines give the corresponding control displacements, where a 
negative control c&placement means the lift vector of the rotor is tilted 
forward. 

At present it does not matter how these control displacements are 
brought about. As an exanq>le we can imagine that we have installed an 
ideal autopitot which carries out the desired displacements without any 
time lag. 

We shall now investigate the effect of our hypothetical autopilot by 
means of stability charts. These charts are calcinated finim tke. ^Rfl$»:&ss^ 
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equation, which (if we consider the flapping motion of the bbdes as a 
sequence of steady motions) is of the 3rd order and may be written as 

X» 4- i4,X2 4- i4i A 4- i4o = 
where for the Sikorsky configiiration with the controls fixed Ai =^0. I do 
not wish to trouble you with the calculation of the coefficients Aoy Aiy A^ 
but would like to point out that they depend on the layout of the helicopter 
and can only be varied within certain limits for a given design. It can be 
proved that periodic control displacements effect a change of tihe coefficients. 
For the Sikorsky configuration it follows that 

Ao is not affected by control displacements, 

Ai is proportional to control displacements in phase with the attitude 
of the helicopter, and 

A^ increases with control displacements proportional to and in phase 
with the angular velocity of the helicopter. 
Routh's stability criterion requires that Ai must be greater than Ao/A^ ; 
therefore we cannot achieve dynamic stability in the Sikorsky configuration 
without control displacements in phase with the attitude. 

We will now go into this problem more thoroughly with the help of the 
stability charts mentioned previously, in which the dynamic stability of 
the helicopter is characterised by the oscillation period To and the times 
Td9 Tny in which the amplitude is doubled or halved, as the case may be. 
Let us take the single rotor helicopter as an example, because the conditions 
for this type are particularly simple, but of course similar calculations can 
be made for any other configuration. 
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For the longitudinal motion of the Sikorsky R-4B with the controls 
iBzed, 

Aq =0-1 sec.-' (approx.) 

A^ =0-2 sec.-^ (approx.) 
and thus we obtain fix>m Figs. 2 and 3 

To = 16 sec. and To = S sec. 
or, in other words, the helicopter is unstable and has a period of 16 sec. 
The amplitude of a disturbance is doubled in 5 sec. As already mentioned, 
the control displacements proportional to and in phase with the angular 
velocity of the heUcopter have the effect of an apparent increase in the 
quantity A^. It follows from Figs. 2 and 3 that both die period of oscillation 
To and the time Td become greater. The helicopter certainly becomes less 
unstable, but still remains unstable. In this respect the control displace- 
ments in phase with the angular velocity have the same effect as an increase 
of the blade masses. In the most favourable case (infinite control displace- 
ments) the oscillation becomes neutral. The reason for this perhaps 
astonishing faa is that we cannot apply pure moments about the longitudinal 
or lateral axis of the helicopter. With the present types of rotor control 
(tilting of the lift vector) the moments are always coupled with horizontal 
forces. 
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PERIOD OF OSCILLATION FOR X -O 

Fig. 2 

If we have periodic control displacements in phase with the attitude, the 
stability chart is divided into a stable and unstable range, where the stability 
boundary is given by a straight line with the slope A^ passing through the 
origin. The range above this boundary line corresponds to an unstable 
helicopter anid below it to a stable one. In the stability charts of Figs. 4 and 
5, Ai = 0*5. For the Sikorsky R-4B it means that the control displacements 
in phase with the attitude amount to approximately 10% of the attitude. 
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Acooiding to tbe investigauons made iq) to mc present this range qipeais 
to be the most pronusing for obtaining the best results. 

If wc apply Figs. 4 and 5 to the Sikoisky R-4B we obtain for Ao = 0-1 
and Af = 0-2 a period of oscillation of 9 sec. As the above figures lie just 
OQ the boundary line, the helicopter is neuttal. However, the dynamic 
stability can be considerably improved, if we apply additional control 
displacements in phase with the angular velocity, i.'e., if we increase the 
quantity A,. 

For Ao = 01 sec.-* 

A, =0-5 sec.-* 

A, ^ 0-7 sec.'' 
we obtain, for instance, fiom Figs. 4 and 5 

To = U sec. and Th == 3 sec. 
This means that a disturbance is halved in 3 sec. and we have a very effective 
automatic stabilisation. 
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Fro. 5 

It can be shown that the apparent change of the coefficients Ao, Ay, A^ 
of the Sikorsky R-4B from Ao = 01 v4, = .4, = 2 
to A =01 Ax =05 At =0-7 
requires an autopilot, the control displacements of which are approximately 

—(012a + 3-25n)rad. 

where a, u denote the attitude and angular velocity of the helicopter, and 
O the angular velocity of the rotor. With an amplitude of a ^ -^; 10° and 
■ rotor velocity of n = 25 rad./sec. this hypothetical autopilot would apply 
tbe control displacements as given in Fig. 6. 
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I would like to refer to two important fiurts at this point. Fig. 5 shows 
that the stability again decreases if the control displacement proportional to 
and in phase with the angular velocity of the helicopter becomes too large. 
We shall see later that the unsatis&ctory stabilisation of the Bell and Hiller 
systems are prolxibly due to this kind of *' overcontrol '' which is always 
anq>led with long oscillation periods. 

The other point is the control sensitivity, or, more accurately 
ei^ressed, the response of the automatically stabilised helicopter to the 
pilot's control. According to J. Stuart' we assume that the pilot applies 
manual periodic control d^lacement with a period of 4 sec. These manual 
control displacements impose on the helicopter forced osdUadons of the 
same frequency, and the control sensitivity is defined as the ratio of the 
amplitude of forced oscillation of the helicopter to the amplitude of manual 
control displacement. For simplicity we will also assume that the helicopter 
18 pivoted at its C.G., which means that only angular oscillations can occur. 
Our hypothetical autopilot may achieve automatic control displacements 
sudi as 

and we wish to know the effect of the quantities C^, Cg on the control 
sensitivity. The answer (for the longitudinal motion of the Sikorsky R-4B) 
18 given in Fig. 7. The curves show the ratio of the amplitude of the heli- 
copter with autopilot to the amplitude of the helicopter without autopilot, 
and thus give an idea of the effect of the automatic stabilisation on the 
control sensitivity. It follows that^thin the range of practical significance, 
Ci has only a small influence. Large values of C^ however, decrease the 
sensitivity. This means that too laige automatic control displacements in 
phase with the angular velocity of tibe helicopter spoil both the dynamic 
ftaUlity and the control sensitivity. 



Bell's Stabiliser and Huxer's Servo Control. 

I assume that the stabiliser of the Bell helicopter is fiurly well-known 
to my listeners ; therefore I shall confine myself to a brief summary of this 
device (Fig. 8). 

The lifting rotor has two blades which are rigidly connected with each 
other and are attached to the rotor shaft by means of a universal ioint. The 
fieaturc of the Bell stabiliser is a bar with a mass on each end which rotates 
with the rotor. The bar is joined to the rotor shaft in such a way that it 
may pivot up and down ; this see-saw motion is provided with viscous 
damping. By means of a lever the bar is mechanically linked to the rotor in 
sudi a way that the displacement of the bar changes the pitch setting of the 
main blades. If, for instance, mass I rises, the pitch angle of blade I 
increases. As the two rotor blades are rigidly connected with each other, 
the pitch setting of blade II simultaneously decreases. 

How does this device work ? In the undisturbed condition the centri- 
fugal forces tend to keq> the bar in its equilibriimi ix>sition (plane perpendi- 
cuhr to the rotor axis) in which the pitch setting of the rotor is not affected. 
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If, however, the hovering conditkm is disturbed, t^., if a pitching or rolIiQg 
motkm occurs, the bar oscillates with the rotor frequency about its pivot. 
These oscillations are excited by the gyroscopic couple of the masses of 
the bar. The oscillations impose on the blades a cydiod pitdi whidi means 
that an automatic control is applied. Automatic sGi^ilisaticm can be adiieved 
by using a proper layout. The main parameters in this respect are die 
viscous damping of the bar and the linkage ratio between the bar and die 
main rotor. 




Another automadc control device appeared recendy. This is the 
control system of the Hiller helicopter. The fundamental idea is the same : 
automadc control by means of the g3nx>scopic couple and the restraining 
moment of centrifugal forces of masses rotating with the rotor. The most 
striking dilSerence is that the bar has been replaced by servo blades, f .«., die 
viscous damping has been replaced by the damping of the airforces. Another 
feature of the Hiller system is that the Aiding modon of the main blades 
may be coupled with the pitch setting of the servo blades. It can be proved 
that this '' feedback " has the effect of 

(1) an apparent change of the damping of the servo-blades and 

(2) an apparent increase of the disturbance of the helicopter. 

The latter elSect is almost identical with an apparent change of the linkage 
rado between servo blade and rotor. This means that the two control 
devices are very similar with respect to the automatic control and may 
therefore be dealt with together. For simplicity we investigate the Bell 
stabiliser ; the basic results, however, can also be applied duecdy to the 
Hiller servo control. 
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Befine going into the control device in awikxtion with the vabUixy 
of die helicopter, we first investigate the control displaoements which occur 
if a rotor vnth Bell stabiliser is subjected to an angular oscillation with 
ooostuit amplitude. Mathematically ei^ressed, we wul try to make a state- 
ment on the magnitude of the quantities C^ and Cg for a given period of 
oadllation. l*he answer is given in Fig. 9 where, following B. Kelley^, the 
amount of viscous damping is expressed as the " following time '' 7/, in which 
a displacement of the bar is reduced to a tenth of its initial value. TV is 
invcndy proportional to the damping, and it means diat a large value or 7/ 
c orr e spon ds to a smaU damping and vice versa. The curves of Fig. 9 show 
die quanddes.Ci(full lines) and C^ (broken lines) for the linkage ratio n (= 
1*0) and a rotor angular velocity of O = 25 rad./sec. against danq>ing with 
die period of the oiforced osdlliaion To as parameter. The grq>lis have 
been plotted for To = 10, 20 and 40 sec ; they allow the foUowing state- 
ments, which have a general application : — 



(1) Ci = 1 for zero danq>ing (T/ = oo) and decreases rq>idly with 
increased damping. 

(2) Ct = for zero damping and has a maximum at 7? = 0'366To, 

In the range of greater damping (f.^., 7/ </ sec.) Ct is indqiendent 
of the penod of osdlladon To. 

(3) In die medium range, where both Q and Ct occur, the control 
diaracterisdcs depend to a great extent (m the period of osdlfaoion : 
Ci deoeases and Ct increases with increased period of osdlhucion 
To and vice vena. 

The automatic stabilisation of the helicopter requires both control displace- 
ments in phne with the atdtude and in phase with the angular veloaty of 
die helicopter ; we ue therefore forced to choose a small daiq>ing of the bar. 
In dm range Ci and Cg are gready affected by the period of oscillation. We 
have seen previously (Fig. 4) diat large control displacements in phase with 
die angular velocity of the helicopter increase the period of oscillation. On 
die other hand. Fig. 9 shows that long periods of osdlladon increase die 
control diqplacanents in phase with the anmlar velocity of the helicopter. 
It must thmfore be suspected that the BellstabiUser toids to increase the 
period of osdlladon to such an extent that only an unsatisfiurtory stabiUsdon 
18 achieved and such proves to be the case in actual &ct (Fig. 10). The 
carves are calculated for the longitudinal modon of the Sikorsky R-4B 
fitted with a Bell stabiliser, where, according to B. Kelley, a following time 
of 7/ = 3 sec. has been assumed. The grq>hs are plotted against the 
linkage rado 

n = (change of pitch setting of main blade)/(displacement of the bar) 

and show that in the most fiivourable case (n = 0-3) a very slightly damped 
oscillation with a period of 26*5 sec. occurs. The amplkude is halved in 
37 sec., whidi means that the longitudinal modon is almost neutral. When 

ii<0-16 the helicopter becomes unstable, f>., in the stability charts (Figs. 4 
and 5) die heUcopter goes over fix>m the stable to the unstable range when 
die i4t value is too snmll. Summing up, we can say that the Bell stabiliser 
counteracts the inherent instability of the helicopter, but the results are not 
yet up to expectadons. 
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I would like to mentkm that die curves of Fig. 9 may also be applied 
directly to the flapping motion of the rotor blade ror the case in which the 
rotor is subjected to oscillations with constant amplitude. The '* following 
time '' Tf of the rotor blade is given by 

Tjr = 77- sec. 

yil 

where y denotes the inertia nimiber of the blade and O the angular velocity 
of the rotor. It can be shown that the coefficients a^ b^ of the iiapging 
angle p (p = qq — a^ cos^ — b^ sin ^) can be divided into components 
in phase with the attitude, and with the angular velocity of the helicopter. 
The coefficient a^, for instance, may be ei^ressed as 

«i = — (Ci<» + c^) 

For the blade of th& Sikorsky R-4B the foUowing time 7/ amounts to approz. 
0*13 sec. The graphs of Fig. 9 (the curves may also be applied in approxi- 
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CONTROL DISPLACEMENTS OF BELL STABILISER 

Fig. 9 

mation to an increasing or decreasing oscillation) show that for this d^ree 
of damping, Ci = ; which means diat the flapping motion is proportional 
to the angular velocity of the helicopter and may therefore be considered as 
a sequence of steady conditions. However, the flapping motion in phase 



14 



The Journal of the HdicopUr 



with die attitude of the helicopter can no longer be n^ected if short osdlla- 
tion periods occur. The basic parameter in this respect is the frequency 
ratio, (circular frequency of the oscillation of the helicopter) /(angular 
velodty of the rotor). It can be proved that the stabilising effect credited 
to the downwash lag (Strahlablenkungs-Effekt) is partly due to the static 
stability caused by die flq>ping modon in phase with the atdtude of the 
helicopter. Therefore, the resists of mo4el tests with oscillating rotors mxy 
ooiy be applied to the full scale helicopter if the frequency rado just 
mentioned is the same. 

How Can the Present Control Devices be Improved? 

To be able to improve the Bell and Hiller systems we must first know 
what is still wrong widi them. Our example has shown that with a following 
time of 7/ = 3 sec., a disturbance of the longitudinal modon of the Sikorsly 
R-4B is, in the most fiivourable case (n = 0-3) halved in 37 sec., where a 
period of osdlladon To = 26*5 sec. occurs. It can be seen fix>m Fig. 9 
that for 7> = 3 sec. To = 26-5 sec. and » = 0-3, Q = 003 and C, = 9, 
which means that the Bell stabiliser in this case has about the same effect 
as a hypothedcal autopilot, the control displacements of which are 

—(003a -f 9-^)rad. 

We have previously seen diat an autopilot with the control characterisdcs 
Ci = 0-12 and Cg = 3-25 results in a very elSecdve stabilisadon (Table 1). 
By comparison of the two pairs of values, Q and C^ it follows that 

(1) the quandty Q of the Bell stabiliser is too small and must therefore 
be increased, and 

(2) the quandty Cg is too large and must therefore be decreased. 
How can it be managed ? Fig. 9 shows that the desired changes occur if the 
period of osdlladon decreases. On the other hand, we see from Fig. 4 diat 
this decrease of the period of osdlladon can be attained by a decrease of 
the coeffident A^ of the frequency equadon, i,e., by counteracting control 

Table I. 

LONGFTUDINAL MOnON OF SIKORSKY R-4B. 
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INFLUENCE OF BELL STABILISEIl 
ON SIKORSKY R-4B 



Fig. 10 
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of the helicopter occur. ThebasicideaisillustratedinFig.il. The two 
differently damped bars rottte with the rotor and are connected to the rotor 
by a system of linkages in such a way that d^ change of pitch-setting of the 
rotor blades is 

where it^, n, denote the linkage ratios and Si, Sf ^^ angular displacements 
of the two bars. In our example the quanddes n^ n^ must have opposite 
signs, which means that the heavily damped second bar counteracts the 
excessive control displacement in phase with the angular velocity of the 
helicopter achieved' Iqr the slig^dy-daumped first bar. 

As an example, calculations for the longitudinal motion of a Sikorsky 
R-4B fitted with a double bar stabiliser have beoi carried out (Fig. 12). 
The curves are plotted against the linkage rado n, of the second bar and 
show for the two modes <n oscillation, the times Th in which a disturbance 
of the automadcally stabiliML heUcopter is halved. In this example 

First bar : Second bar : 

7/1 = 3 sec. Tfy = 0-46 sec. 

Hi = 0-25 
This means that die first bar has the same degree of damping as in die 
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pievioiis example of the Bell stabiliser. If n, == the second bar is put 
out of acdon and, in agreement with the previous investigation, a disturi)ance 
is halved in approx. 40 sec. Besides this mode of osdllation, a heavily 
duapcd short period oscillation occurs ; this mode of oscillation geni^ally 
has very litde practical significance and has therefore not been mentioned 
untfl now. It can be scat from Fig. 12 that the second bar alSects the two 
modes of oscillation in such a way that 

(1) the originally slighdy damped oscOlation becomes more stable, and 

(2) die originally hoivily damped osdlladon becomes less stable. 
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DOUBLE BAR STABILISER 



Fig. 12 
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INFLUENCE OF DOUBLE BAR 
STABILISER ON SIKORSKY R-4B 



The Stability boundary is given by n^ = — 0-92. The optimum lies at or 
near the point of intersection of the two curves (n^ = ---0'82) where the 
am^itude of both modes of oscillation is halved in approx. 8 sec. The 
optmium value found for the Bell stabiUser was 37 sec. We thus attain 
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■ft considcCTMc impfovcnocot in stability^ ntddi in dieory cm be inprovcd 
still farAa by using odier oomhinations of die damping of die two ban. 
However, I would like to make it peifectfy dear that at inesem: wt are 
dealing with purely tfaeoredod investigations, and that their aocuiaqr md 
pnctical applications have still to be oonfinned by tests. 



CONGLUSIONS. 
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In conclusion I wish to summarise the essential fiicts once again. The 
control displacements neoessaiy to govern an unstable helicopter inqr be 
divided into displacements whidi are p roport i onal to and in plMse widi die 
attitude and the angular vetoctty of the hclkxqnerreq^ Thefimner 

correspond to a kind of static stibility and tli^ latter to a damping of die 
itching or roUins moticML It appears that any helicopter am be stahiHsrd 
a proper combination of tb»e two types cdf control displacements. 

For the Sikorsky configuration some notewortlnr statements can be 
made. In the ideal case where there is no tune lag in the control device and 
in die flqiping motkm of the blades, control displacements proportional to 
and in plum widi the angular velocity of die hdiocqxer akn^ 
to stabilise the sin^ rotor heUcopter. The reason for this perh^M astonis- 
hing fiict is diat we cannot inqxise a pure pitdun^ or rolling moment. With 
die present systems of rotor control (dh of die lift vector) the moments are 
ahmrs coii^ted widh horizontal forces. Effeoive stabilisation of the Sikonky 
configuration requires a certain combination of die two types of control 
displacements. The stability again decreases if too large control dindace- 
ments in phase widi die angular vekxaty of the helicopter are qipUed. 

Contrary to fixed-wing aircraft where die autxmiatic control and 
stabilisation require die instdlation of a special gyroscope, die helicopter can 
make use of its rotor, whidi is in itself a gyroscope. Examples of thk groi^p 
are the Bell stabiliser and the Hiller servo rotor. It is obvious that automatic 
stabilisation can be achieved by using a proper layout. The results, however, 
are not yet up to expectations. The present gyratory stabilising systems 
require a compromise which is usually such that the control displacements 
in phase widi the angular vdodty of die helicopter are too large in relation 
to those in phase with the attitude. This kind of automatic *' overcontrol ** 
spoik both the dynamic stability and the response to the pilot's controL 
It is to be expected that within the next few years some more control devices 
will appear and that the present state of automatic stabilisation will be 
considerably improved. 



^Kelley, B. 
*Stuart, J. 
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DISCUSSION. 

Mr. J. S. Shapiro (Founder Member) : There are many people who 
doubt the necessity for developing a stable helicopter and I would like to 
hear the views of the department for which Dr. Sissingh works, on the 
subject. Personally, I have no doubt at all, that a stable helicopter is essential 
for widespread private ownership, and a great help for commercial operation. 

Stability is measured by two parameters, being the natural period and 
die damping factor of the oscillation of the machine. I would like to know, 
whether, in die light of the department's Aying experience, they have specific 
views on desirable values for either parameter and whether they know to 
which of the two the Pilot is more sensitive. 

In the paper Dr. Sissingh mendons a criterion of control sensidvity, 
being a rado of machine amplitude to control amplitude in forced oscillatoiy 
motions of the helicopter ; our own method of judging control sensidvity is 
by means of the rado between the moment produced by unit displacement 
of control to the moment of inertia of the machine, in other words, the 
angular acceleradon imposed by unit displacement of control. I am wonder- 
ing whether die lecturer's criterion is more significant than our own, 
especially as it is bound to be a fimcdon of firequency of osdlladon. 

I would also like to add another quesdon referring to the hypothetical 
* autopilot ' namely, die effectiveness of automatic control displacements 
proportional to die angular acceleradon of the machine. 

Mr. R. Hafner (Member) : I believe that diere is a need for positive 
stability in forward flight, but one might perhaps be satisfied in hovering 
with only a neutrally stable rotor. I would like to point out that the stability 
cubic in Dr. Sissingh's paper applied to two dimensional movement and the 
coupling between the longitudinal and lateral motion has been ignored. 

I would also like to point out that die lack of stability in a hovering 
helicopter can be clearly recognised even during very small displacements 
of the aircraft. It is quite dear, however, that the minute transladonal 
velocities caused by such movements are much too small to produce a 
significant flapping motion of the blade, if indeed firiction in die flapping 
hmges and similar marginal factors do not entirely overshadow this effect. 
I am of the opinion therefore, that some of the fundamental reasoning in 
conventional stability calculations breaks down in practice for very small 
movements and the instability observed then is symptomatic not so much 
of die mechanical features of the rotor (blade flapping, etc.) as of an aero- 
dynamic feature connected with the slipstream. We know that a fiist 
cUmbing rotor or auto-rotating rotor is more stable than a hovering rotor 
or indeed one operating in the vortex ring state. I had hoped to learn more 
about this aerodynamic derivative. In fact, what is the stability of an 
actuator disc carrying a weight underneath ? 

Dr. J. A. J. Bennett (Founder Member) : It would appear that the 
helicopter is dynamically unstable so long as the dp-path plane oscillates 
in phase with, and with the same amplitude as, the body of the aircraft. 
^c have two extreme cases to consider, therefore. The case of die tip-path 
plane oscillating with the same amplitude as the body of the aircraft is more 
or less typical of existing helicopters and, if the rotor were subject to complete 
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g3rTOScopic control, the tip-padi plane would remain stationary as the body 
of the aircraft oscillates. The stabilising device must control the tip-path 
so that its oscillation is only pardy suppressed. 

Although in his analysis Dr. Sissingh has assumed that the rolling and 
pitching oscillations of the helicopter are independent, has he considered 
die cases in which the undamped natural frequency of the flapping motion 
is not equal to the angular speed of the rotor, i .e., the effect of delta three *' 
or flapping hinge offset. If an offset of the flapping hiioge can give dynamic 
stability, are the best results obtained with a positive or negative ofbet ? 

Mr. a. McClements (Founder Member) : The lecturer has today 
considered the case of the single rotor helicopter. In view of the possibility 
of multi-rotor machines becoming available, I would like to enquire if 
Dr. Sissingh can advise us if the stability of the multi-rotor configuration 
is likely to present less of a stability problem than die single rotor machine. 
Also, is anything known about which muld-rotor arrangement is best &om 
the stability viewpoint ? 

Mr. D. R. Garraway (Member) : The amount of damping applied 
to die stabilising bar can be adjusted to give the best response to lateral 
oscillation, but since the inertia of the helicopter is less in roll than pitch, 
the stability characteristics in a lateral sense will not be as satisfactory as if 
the damping were selected for optimimi lateral stability. In a typical 
aircraft having optimimi longitudinal characteristics how do the resulting 
lateral characteristics compare with the optimum ones ? 

Dr. Thurston (Member) : I would like to point out that fix>m eiq)eri- 
ments which I have made it is possible to stabilise blades in a similar way 
to ordinary aircraft, and that the problem of stability of helioopters is very 
similar to the problem in fidlsize aircraft, and its solution appears to be 
following on the same lines. 

Many years ago I constructed helicopter blades which were stabilised 
by elevators and fins, and I feel that a great deal of experimental work could 
be done with the use of models in this respect. 

Mr. W. Stewart (Member) : I would like to offer a few comments in 
reply to several speakers, who have raised questions on the wider implications 
of Dr. Sissingh's lecture and on possible alternative solutions. 

As Mr. Shapiro has pointed out, the stability characteristics of the 
helicopter — ^as of the fix^-wing aeroplane — go beyond the stick-fixed 
motion discussed by Dr. Sissingh. In fact, it can be divided into four 
classes, viz : the static and dynamic stability under stick fixed and stick 
free conditions, the lecturer having dealt with only one of these. The 
pilots' impressions of the flying cha^cteristics are a combination of these 
together with control response and effectiveness. It is agreed that the most 
important influence is the stick-free conditions. However, to consider the 
desirable handling qualities of a helicopter would require a complete lecture 
on this subject. 

Dr. Sissingh's work has shown the control displacements required to 
stabilise the helicopter motion and has indicated the influence of automatic 
devices applying these displacements under stick-fixed conditions. Never- 
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tlieless, tbe work could be applied in a different form to stick-free considera- 
tions. An important point — ^perhaps not sufficiently emphasised by Dr. 
Sissingb — ^is that most automatic devices improve stability at the cost of loss 
in the pilot's control effectiveness. Dr. Sissingh's method involves only a 
small loss of control effectiveness for the stability gain. 

The control sensitivity used by Dr. Sissingh, i.e.y the control displace- 
ments to produce a constant amplitude oscillation of a given frequency, is 
not a good handling criterion but it constitutes a very good method of 
mathematical treatment. It is frilly appreciated — and I tdhoroughly agree 
with Mr. Shapiro-Hthat neither this method not the more usual response 
to unit control method are satisfactory ; but I have no better criterion to 
offer as yet. 

Mr. Fitzwilliams has mentioned the possible solution advocated by 
Professor Miller. This is sound in theory but would be difficult to design 
in practice. It would be exceptionally difficult to arrange for the appropriate 
twisting of the blades to provide the cyclic changes required. The use of 
stiff blades with a spring support may well give rise to undesirable blade 
oscillations and may even lead to flutter. 

I agree with Mr. Hafiier that the double bar is a considerable complica- 
tion to ask of the designer. The simple offset hinge does affect stability 
but the improvements possible are very small. For most blades a negative 
hinge ofbet is required but for very heavy blades positive offsets can give a 
little improvement. Again, vibration must be considered. 

In reply to Dr. Thurston, the use of auxiliary aerofoils to stabilise each 
of the blades (and to control them) has been tried. The Landgraf system 
could be considered as a step in this direction but there is a system with the 
auxiliary blades several diord lengths behind the main blades. However, 
while it would appear that this stabilises the blade motion and to a much 
lesser extent the helicopter, very little information is available. Vibration 
trouble due to possible dissymetry between each blade system should be 
considered. 

Dr. Sissingh's reply to the Discussion. 

In reply to Mr. Shapiro. In the fiiture the helicopter will probably be 
engaged in a silent but tough fight for general recognition by the public. 
In my opinion an effective automatic control device which stabilizes the 
helicopter without too much loss of control sensitivity would be a very valuable 
contribution towards making the public helicopter-minded and increasing 
the applications of helicopters. I fully agree with Mr. Shapiro that dynamic 
stability is one of the essentials for widespread private ownership. From 
the point of view of stability an aperiodic subsidence of the disturbance 
would probably be desirable. However, this requires such a degree of 
damping in pitch and roll that the response to the pilot's control becomes 
insufficient. This means that a compromise must be found ; the final 
decision is left to the pilot, but owing to lack of practical experience it is 
not yet possible to make any forecasts in this respect. It may be assumed, 
however, that very short oscillation periods are undesirable, and it is my 
personal belief that with present knowledge the solution of the stick-fixed 
stability is easier than that of the stick-finee stability. 
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As already stated by Mr. Stewart, the criterion for control effectiveness 
mentioned in my paper is characterized by a simple mathematical treatment. 
The control period of 4 sees, is taken from the paper by J. Stuart and 
corresponds to average practical conditions. I admit that this criterion is 
by no means ideal, and if, in spite of this, I have mentioned that criterion, 
it has been done to show in a simple way that the loss in control sensitivity 
is mainly caused by the control displacements proportional to the rate of 
change of attitude. The criterion mentioned by Mr. Shapiro only covers 
the initial acceleration. Actually, what we want to know is how quickly, 
to what extent, and in what way (with or without overshoot) the helicopter 
responds to the control. Unfortunately, neither of these (xi^eria can give 
the answer to these questions. I would Uke to take this opportunity of 
referring to a paper by R. H. Miller (Journal of the Aeronautical Sciences, 
August, 1948) dealing with automatic control and response of the auto- 
matically stabilized helicopter to the pilot's control, which appeared after I 
had completed my manuscript. 

With regard to the control displacements proportional to the angular 
acceleration, it should be noted that, although the vector of the angular 
acceleration in an undamped oscillation has a phase difference of ISO"" in 
comparison with the attitude vector, the effect of these control displacements 
is quite different from that of the control displacements proportional to the 
attitude. If we apply control displacements proportional to the angular 
acceleration in the Sikorsky configuration, then it is only the factor of A' 
which is changed in the frequency equation of the 3rd order ; the other 
coefficients remain unchanged. Particular attention should be paid to the 
fact that the coefficient of A remains zero, i.^., dynamic stability cannot be 
obtained in this way. In the most favourable case the coefficient of A' 
becomes zero, which means that the helicopter is neutral. The control 
displacements proportional to the angular acceleration have a certain similarity 
to an apparent change of the moment of inertia of the helicopter. The 
difference lies in the fact that a change of the moment of inertia only affects 
the equilibrium of the moments, while the control displacements proportional 
to the angular acceleration also affect the equilibrium of the horizontal 
forces as well. 

In view of Prof. Miller's suggested solution I should like to add the 
following remarks on the statement by Mr. Stewart : I presume that 
Prof. Miller's arrangement corresponds to a hypothetical autopilot which 
responds with a small time lag to the angular velocity of the helicopter. This 
time lag has the effect that one component of the control displacement is in 
phase with the attitude, i.e.y automatic stabilization is possible imder certain 
conditions. However, here again we probably have the disadvantage that 
the control displacements proportional to the rate of change of attitude are 
too large in comparison with those proportional to the attitude. This would 
mean that very slightly damped oscillations with long periods of oscillation 
occur. 

I agree with Mr. Hafner that for the Sikorsky configuration the coupling 
between the longitudinal and lateral motion is very important. For simplicity, 
this coupling has been neglected in my paper, and this means I have assumed 
that the hypothetical autopilot 
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(1) applies the required longitudiiud control displacements, and 

(2) compensates the lateral tilt of the lift vector of the rotor at all 
times. 

The investigations have shown that these effects can to a certain extent be 
accomplished by various means, so that in the first approximation the 
simplification is justified. 

If the hovering state is disturbed, we have a flapping motion of the 
blades due to bodi the angular and linear velocity of the helicopter. 
Theoretically, the two components are approximately of the same order of 
magnitude. As measurements on the flapping motion in the disturbed 
hovering state are not known, it is very difficult to make any statements on 
the influence of the friction in the flapping hinges. I personally believe 
that this effect may be neglected. As far as I know, the theoretical investi- 
gations on the hovering stability compare fairly well with flight measurements. 
The main causes of discrepancies are probably the twisting of the blad^ 
play in the controls and — ^if the stick is not actually clamped — ^the involuntary 
control displacements of the pilot. 

It is known that in the hovering state near the ground and in vertical 
descent, the slipstream changes the rotor derivatives and, through this, 
greatly affects the stability. Unfortunately, the existing measurements are 
not adequate to make ftirther detailed statements in this respect. With 
r^ard to the stability of an actuator disc carrying a weight underneath ; if 
the actuator disc is defined as a hypothetical device, the resulting force of 
which is alwajTS perpendicular to the disc and passes through the centre, 
the motion is neutral. 

In reply to Dr. Bennett. If we neglect the flapping of the blade due 
to the linear and angular velocity of the helicopter, the tip path plane of 
a helicopter with the controls fixed oscillates in phiise, and with the same 
amplitude as the body of the aircraft. If the control displacement is equal 
to die attitude (Ci = 1), the lift vector of the rotor always remains approxi- 
mately vertical. In the case of an automatically stabilized helicopter the 
tip pidk plane oscillates with a time lag and with a smaller anq>litude when 
ooBopaicd with the oscillation of the ftisekge. 

Take the case where the undamped natural firequency of the flapping 
motion is not equal to the angular speed of the rotor : if a helicopter is 
subjected to pitching oscillations we have an oscillation of the lift vector in 
two directions, longitudinal and lateral. Both modes of oscillation can split 
in> into components in phase with the attitude and the angular velocity of 
tbe pitching motion. Any device or arrangement which influences the 
undamped natural firequency of the blade effects a change of the oscillations 
of the lift vector. By using a proper layout this effect can be Employed to 
decouple the longitudinal and lateral motion of the single rotor helicopter 
to a considerable extent. 

Regarding the effect of the offset of the flapping hinges, I would Uke 
to add the foUowing statement to the remarks by Mr. Stewart : For the 
SilK>rsky configuration with the controls fixed it follows that a positive hinge 
oSset has approximately the same effect as an increase of the distance of 
the rotor above the C,G. of the helicopter and vice-versa. This means that 
the coefficients i4o, i4s of the frequency equation are multiplied by a Actor 
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>1 in the case of a positive hinge offset and by a Actor <1 in the case of a 
n^ative hinge offset. In the stability charts (Figs. 2, 3), this change of 
the hinge offset has the effect of moving along a straight line passing through 
the origin with the slope Ao/A^. An increasing positive hinge ofbct means 
diat we move to the right and an increasing negative oSsct means a move 
to the left. It follows that the stability is improved by a positive ofl^ if 
the slope of the Td — curve in Fig. 3 is larger than Ao/A^ and by a native 
offset if the slope is smaller than this figure. However, as the coefficient 
At remains zero, the motion always remains unstable. 

Replying to Mr. McClements. Due to increased damping multi-rotor 
helicopters are generally less unstable than single rotor helicopters. With 
a proper layout it is possible to fulfil Routh's stability criterion under certain 
conditions, but even in this case the damping of the disturbed longitudinal 
or lateral motion is generally very small. A main parametei in this respect 
is the mutual inclination of the rotor axes. If we take the hovering stability 
of a tandem rotor helicopter as an example, it follows that the longitudinal 
motion has a certain similarity to an over-controlled single rotor helicopter, 
which means that slightly damped oscillations with long periods of osdUation 
occur. The lateral motion (if we neglect the coupling between these two 
motions) does not differ in principle firom that of a single rotor helicopter. 

At present very litde is known about the interference of the different 
rotors in multi-rotor helicopters in forward flight. Therefore I am not in a 
position to formulate any statements about the best multi-rotor arrangement. 

In reply to Mr. Garraway. With r^ard to the comparison of the 
longitudinal stability with the lateral stability, it can be stated that a decrease 
of die moment of inertia of the helicopter improves the stability. In the 
case of the Sikorsky configuration fitted with a hypothetical autopilot the 
coefficients Aoy Au A^ of the frequency equation are inversely proportional 
to the moment of inertia. For the Sikorsky R-4B the moment of inertia 
in roll is about eight times less than that in pitch, which means that in the 
example in my paper (Sikorsky R-4B fitted with autopilot) the amplitude 
of the lateral motion is halved in 1.7 sec. instead of 3 sec. for the longitudinal 
motion. A similar improvement appears in the case of the Sikorsky R-4B 
fitted with a Bell stabilizer. It is seen that the longitudinal stabiUty of a 
single rotor heUcopter in hovering flight is a stronger criterion than the 
lateral stability and we do not need to worry about the rolling motion if the 
pitching motion is sufficiently damped. 

In conclusion, and in reply to Dr. Thurston : To stabilize a helicopter 
we need certain control displacements proportional to the attitude and to 
the rate of change of attitude, or the corresponding flapping motion of the 
blades. It does not matter how this effect is brought about. Generally it 
will be done, directly or indirectly, by the gyroscopic couple of rotating 
masses. This mass may be a gyro. Bell stabilizer, Hiller servo blade, an 
auxiliary aerofoil attached to the blade or, as ia the proposal of Prof. Miller, 
the blade itself. All devices mentioned above respond mainly to the angular 
velocity of the heUcopter. The stability problem is solved if we succeed in 
producing a sufficient time lag, which means that a proper component of the 
control displacement (or of the flapping motion of the blades) proceeds in 
phase with the attitude of the heUcopter. 
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Mr. Raoul Hafner's Vote of Thanks to Dr. Sissingh. 

Mr. Chairman^ Ladies and Gentlemen. 

It is my pleasant task to express the appreciation of the members and 
guests of the Helicopter Association to Dr. Sissingh for having given us 
such an excellent paper, a paper which has he^ed his audience, to under- 
stand, without the aid of complicated mathematics, a most difficult problem. 
For myself, I believe that the two factors mainly involved in the stability of 
the helicopter are control displacements proportional to the attitude and 
control displacements proportional to the rate of change of attitude. Most 
schemes evolved for achieving stability do involve die use of these two 
sqMiate variables but unfortunately do not permit fully their independent 
use and so have met with only partial success. I express the hope that 
the double bar system will bring us the stability for which everj^ne is seeking. 

Finally I should like to congratulate Dr. Sissingh for without doubt 
one of the most excellent papers ever read before our Association, and 
propose a hearty vote of thanks to him, a vote of thanks which I am sure 
has the support of everyone here today. 



London — ^Paris Helicopter Link. 

As most members are probably aware a demonstration to prove the 
feasibility of the use of helicopters in restricted spaces was staged on the 
30th September, 1948, by carrying a letter from the Lord Mayor of London 
to the President of the Conseil Municipal of Paris by air from city centre 
to dty centre. Aircraft taking part in the demonstration were the 171 
HeUcopter (Bristol Aeroplane Company) from St. Paul's, London, to Biggin 
Hill Aerodrome ; the Meteor 7 (Gloster Aircraft Company), from Biggin HiU 
to Orly Aerodrome ; and the S.51 HeUcopter (Westland Aircraft Company), 
firom Orly Aerodrome to the Place des Invalides, Paris. 

An Air Mail cover commemorating this occasion has been presented 
to the Association by Mr. N. J. G. Hill. 
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on his return to this country from a visit to the U.S.A, The library is now 
being reorganised and a list of the books available will be sent out to members 
in due course. Mr. Coopbr at the same time has also kindly presented 
the Assodatiim with a film be has taken of the latest HeUcopter devekipaiients 
in the U.S A. which it is hoped to show to memben after the next n 



The World's Largest Hdicopter 

Tbb Qbrva " Air Horse," photographed during its first &ec flight on die 
8th December. 1948, at Southan^ton, pilottd by H. A. Marsi^ A.F.C 




Crop Spraying in the British Empire 

Two very interesting Reports have recently come to hand and are 
here placed on record, being the first applications by British operators 
cf the Helicopter to agricultural use. 

The reports are cf a preliminary nature and cover few cf the 
technical details y but are none the less interesting in their appreaation 
of the general problems of Tropical operation. Arrangements are in 
hand to organize a meeting rf the Association to discuss the various 
aspects cf crop spraying at which the operational and chemical 
problems may be examined in full. 

FROM MESSRS. IRVIN-BELL HELICOPTER SALES, LTD., 

^AD. July, 19^. 



An experiment in the use of the Helicopter for dusting sugar cane was 
leoentfy nuuie in Trinidad, British West Indies. The Helicopter used 
was a BeU 47D operated by Irvin-Bell Helicopter Sales Ltd., on behalf of 
Messrs. Caroni Ltd., and flown by Mr. N. J. Capper, a.f.c. 

Messrs. Caroni, among other sugar growers in Trinidad, have been 
trying to find a satisfiictory method of dealing with the froghopper, an 
insect pest which feeds on sugar cane, and in some areas causes considerable 
damage. Ground equipment has so fiu: been found unsatisfiurtory, because 
of the expense involved and the difficulty of covering a large acreage. 

The machine arrived in Trinidad on the 21st June, 1948. British West 
Indian AirwBys were more than generous in providing acoonunodation for 
its unloading and erection, and in giving assistance, and, on the 25th June 
it was flown fnim Piarco Airport to thQ Waterloo Estate of Caroni Ltd., 
where a spedah hangar had boen built. 

Some eroeriments were carried out fnim the 28th June until 1st July, in 
order to find out the best rate of application of die insecticide, the best 
height to fly, speed, etc. Then it was decided, as the bo^boppcr which 
emerges during the rainy season had made an early appearance, to start 
dusting with a view to killing froghoppers and to make experiments during 
the process. 

Between the Ist July and the 17th August some 3,000 acres were covered. 
Dusting was done in the early morning, evening and inght. The froghopper 
is a ni^t feeder and hides in the sugar cane during die day. It wiU oi^y 
come out before dusk if the teiiq)erature drops, and it retires to the cane at 
about 7 a jn. The best results were obtained at iiight when the strength of 
the wind was usually less than 5 m.p.h. 

Insecticides used were D.D.T., and '' Gamexane," and it was soon 
found that the helicopter provided a means of applying insecticide fiu: superior 
to any way which had been tried before. 

In good conditions the adult froghopper could be eliminated, but 
unfortunately although the dust was forced right down through the cane 
b^ the down wash from the helicopter rotor, the residual effect of the insecti- 
cide was most disappointing and did ap p ar ently no damage to the ** nymph ** 
or grub. This meant that as the adult population would build up agam in 
tbxcc or four days, repeat dustings had to be made. Nevertheless the 
population must have been reduced. 
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Dutting a sugar can* fitld. 



The opentioiis were cairicd out &om Derrick Sites on the miom 
Estates and fuel, dust, etc., were run to the site by the Company's " loco." 
The helicopter showed that it could land in places unfit for miking, oc 
even horse-riding, but sites had to be chosen whidi permitted safe walking 
for (he loading teams. Moonlight flying presented little difficulty, especially 
when the pilot was familiar with the field and obstructions. Without a 
headlight dusting in complete darkness is not considered practicable, as 
difficulty in seeing the top of the sugar cane and gauging height above it is 
experienced. Flights to and from the base were made in darkness without 
trouble. 

Although temperature and humidity were high, the latter being 98 to 
100% and ^e density altitude at times 2,700 feet, the Franklin engine gave 
full power and the Bdl carried its full load of dust with 14 Imperial gaUons 
of fiiel. Dusting was carried out at cane top height at 20 m.p.h., and it was 
found that 60 to 70 acres could be covered in one hour's flying when dusting 
individual fields. Re-loading with dust took from half-a-minute to one 
minute when the crew were opined. 

From the point of view of the Bdl Helicopter the experiment was most 
successful as it showed its ability to apply insecticide evenly over a laigc 
area. Far better results could no doubt be obtained if more effective 
insecdcides were used to eliminate the necessity of redusting &equently, as 
this necessity reduced the number of acres whtdi can be covered in a season 
by one helicopter. From the pilot's point of view the e^>eriment was 
intensely interesting. Dusting sugar cane in the Tropics by moonli^it in 
a helicopter is an experience it must be difficult to surpass. 

The machine proved itself in every way a teal work horse. Tropicid 
conditions with their heat, high hiunidity and torrential rain seemed m no 
account. The helicopter was housed almost on the doorstep of the btmgiknr 
occupied by the pilot and engineer and flights to the dusting areas were msde 
in a few minutes. These flights provided a unique view of the native^ dee 



gfowing acdvides, and the take-off attracted the usual audienoe. Landing 
■m needed no special ptepaiation, the helicopter was just ad^ted to any 
cooditions without trouble. 

Piactkally all the cane fields were quite straight fiirward and without 
obnnictions, but a few were surrounded and broken up by ttees and hedges. 
None of these weie refused and served to show thai the helicopter can dust 
afanost ^mrheie. Dusting runs were made across wind and all turns into 
wind. Ilie petspez bubble was kept on as a protection against heavy rain, 
biidS} eu., and even in the beat of the day the cocl^it teoqieiature was 
pleaaantly oool as soon as the helicopter was airborne. Several small birds 
woe hit with no damage n> the rotor. The bigger birds kq>t well away and 
allowed a pieferenoe for less animated material. 

On Wednesday, the 14th July, the Governor of Trinidad, Sir Jokk 
Shaw, attended a demonstration at the Caroni Estate, after frtiich he was 
ftnm frun Caroni Estate to Govenunent House, and landed on the lawn in 
Govemment House grounds. 



(UtOM MESSRS. PEST CONTROL LTD.) 
KENYA. October, 194S. 

The first helicopter to fly in A&ica took off from Khartoum on October 
9di. It was a Westland Sikorsky operated by Messrs. Pest Control Ltd., 
and piloKd by their Chief Pilot, Mr. J. E. Harper, a.f.c. This was the 
outcome of modi experimental work and an intensive spraying programme 
carried out in this country by the Company during the last year. 

The first flight was a short test flight at an air temperature of 102° F. 
and the aircraft rose more sluggishly than in U.K., but it performed quite 
well during the next test flight the following morning at 07.45 hours, and 
lifted ia fi^ k)ad at 92° F. This was then followed by a r^ular test flight 
every hour on Oaober 12th to ascertain the lifting power and the perfiirmance 
in the hot, thin air of Khartoum. This capital of the Sudan is only 1,200 
feet above sea level, but owing to the great heat the air density b equal »> 
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4,500 feet over England. The machine had been fully tropicalised and 
fitted with special dust filters to protect the engine, and additional precautions 
such as special heat insulating covers had been made to protect the rotor 
blades against the great heat whilst standing in tbt sun. The sun tempera- 
tures in the Sudan are so high that after mid-day all metal parts can no 
longer be touched, and maintenance outside a haxigar becomes impossible. 

As soon as the air tests were completed the spraying triab widi the 
helicopter gear, known as '' Spray-copter Mark I," commenced on October 
14th on the cotton plantations of die Sudan Plantations Sjmdicate, and 
flights at various heights using the same technique as in crop spraying in 
U.K. were carried out. The spraycopter gave a veiy good peiformance and 
counts carried out on the mortality of £e cotton pests showed that the 
reduction of pests achieved was equal to that adiieved by tractor driven 
power spraying machines. 

Messrs. Pest Control have a fleet of 14 large ground spraying marfiniga 
working in the Sudan where they had very mudi increased the oottcm 
production through the control of a small insect called '' Jassid,'' which 
causes the so-called hopper bum. This is by fiu: the biggest campaign fixr 
At control of pests on agricultural crops in tropical Afirica and inddentally, 
was the first diemical control operation of any agricultural pest in Africa 
and was pioneered at the instigation of the Sudan Govenmient in 1945. 

As soon as the triab with the aircraft flying very low over the crop 
started, the biggest danger to helicopter spraying in Sudan became evicbent. 
Birds feeding in the crc^ rose when the helicopter was overiiead and were 
hit by die rotors. The first bird so hit was a swallow which was of oouiae 
killed, slightly denting the leading edge of one of the rotor blades. As there 
are a great number of other birds, such as Ibises, tying out of the crop, the 
pilot had often to take evading acdon. The most dangerous, of course, are 
the big camiverous birds which soar up and make no attempt whatsoever 
to avoid the aircraft. When Mr. Harper was asked his impression after the 
first crop spraying flight he said, " The Spraycopter performance is good 
and I don't mind hitting the small birds very much, but I do dislike the five 
tonners !" — by which he meant the big vultures, of which there are a great 
number in the Gezira. 

Another danger, particularly when landing or operating with very low 
forward speed, are the '' Dust Devils." These drcular winds travel very 
fast over the ground and are particularly dangerous on cotton plantations 
near the desert. Other difficulties are the big dust clouds raised by the 
slipstream of the landing helicopter which sometimes completely obscure 
the vision of the pilot. 

After the entomologists of the Government Research Station and 
Messrs. Pest Control had satisfied themselves that the control of the cotton 
pests was adequate, a demonstration was staged for the Sudan Government 
on the 18th October near Messrs. Pest Control's headquarters at Turabi in 
the Blue Nile Province. The demonstration was attended by His Excellency 
The Governor General, The Deputy Direaor of Agriculture, The Financial 
Secretary, The Governor of the Blue Nile Province, and many other leaders 
of the country. 

With the successful conclusion of this demonstration the Spraycopter 
commenced large scale spraying operations scheduled to last over a period 
of several months and which are still in hand. 
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Proceedings of an Extraordinary General Meeting 

HELD AT 

LONDONDERRY HOUSE, 19 PARK LANE, LONDON, W.l 

ON December 11th, 1948 at 2.30 p.m. 

H. A. Maksh, A.F.C., A.F.R.Ae.S. in the Chair 

The Hon. Secretary read the notice convenmg the meeting which 
was then addressed by the Chairman. 

Ladies and Gentlemen : 

Having heard our Honorary Secretary read the notice convening this 
meeting and also having received a circular giving extracts of the proposed 
new rules and regulations and subscription rates, you wiU all Imow the 
reason for calling this Extraordinary General Meeting. 

Taking the rules first, it has been obvious for some time that these 
require bringing up to date and in particular Membership qualifications 
have been very ambiguous and lax in certain respects. In point of &ct the 
main difference between the present and proposed new rules, Ues in such 
qualifications, and the alterations in other respects should call for very 
Utde comment. 

From the Association's point of view, the proposal to raise the sub- 
scription rate is very important and unless this is agreed to, it is extremely 
doid>tful if we can carry on and become self-supporting. Had it not been 
fin: the generosity of certain individuals and firms engaged in the heUcopter 
industry, the Association could not have possibly paid its way to date, but 
we cannot expect to continue working on these lines. For your information 
I would point out that the expenses entailed in running the Association are 
kq>t to an absolute minimum. Our only paid employee is the Assistant 
Secretary, Miss MacPhee, and all the remainder of the work is done in an 
entirely honorary capacity by the Honorary Secretary and various members 
of the Council and the Association. 

The Journal, which I think you will agree is very well presented, is 
almost self-supporting on its advertisements, and it is hoped that by the 
end of 1949, it will be entirely so. This would not be the case unless the 
majority of the work was done by the PubUcations Committee, again in an 
honorary capacity. 

The move to the new office, together with necessary equipment, was 
made possible by the generosity of a number of firms, most of whom have 
agreed to finance the project over a period of three years. 

It is not a very difficult feat of mental arithmetic to assess the general 
finanriftl status of the Assodation, when one considers that we have 
approximately 200 members at 2 guineas and 100 Associate and Graduate 
members at 1 guinea, making a total income of 500 guineas. Offset against 
this amount, the Assistant Secretary's salary, cost of lectures and meetings, 
auditor's fees, general office expenditure and other normal outgoings of an 
Association such as this, and the answer is fairly obvious. 

If the proposed new subscription rates are agreed to, expenses kept 
within limits, and membership continues to increase at its present rate, it 
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is felt that the finandal afBuis of this Association can be considered as 
reasonably sound. I should point out that the Council have powers under 
the present rules and regulations to vary the subscription rates, entianot 
and transfer fees, but feel reluctant to do so without consulting the members. 

You will notice that there are two proposals, each of which will be 
taken separately. Dealing with the first, the complete set of rules and 
r^ulations have been avs^ble for inspection at our Office for some time 
and it is not proposed, therefore, to have them read in detaU here. Anj 
particular point which you may wish to raise will be open to discussion and 
subsequent amendments if duly proposed, seconded and agreed to. 

The new grade of Companion Member has been suggested in order that 
the Association may still retain the high level of prestige which it enjoys 
and yet be supported by those who have not the necessary technical quaJifi- 
cations. A certain re-grading will be necessary amongst those who are now 
Graduate members and this matter will be dealt with by the Sub-Committee 
of the Council. 

Finally, before throwing the meeting open to discussion I would like 
to take this opportunity of thanking Mr. Crocombe for his very hard work 
in revising the rules and regulations, and also Mr. Wingfield, for his 
assistance from the legal aspect. 

The meeting is now open for discussion on the first proposal. 

The proposed alterations to the rules were considered in the <^*"*ng 
general discussion. A letter containing several suggestions from Mr. D. R. 
Garraway was read to the meeting, and several members present had 
points to raise. Some of these were adopted by the meeting as amendments 
to the proposal. 

The Chairman then proposed, and the Vice-Chairman seconded : — 

That the draft Articles or Rules, a copy of which for identification has 
been signed by the Chairman, be adopted, with the amendments agreed 
by the meeting, as the Articles or Rules of the Association. 

This motion was carried unanimously. 

The Chairman, continuing, said, we will now deal with the second 
proposal. I have already explained in brief why it is necessary to suggest 
the new subscription rates, entrance and transfer fees, and do not consider 
this requires any further explanation from me. If you think it is necessary 
I will ask the Honorary Treasurer to read a short finandal statement of the 
Association's affairs. 

The meeting is now open for discussion on the second proposaL 

In the general discussion which followed, more details were given 
concerning the cost of nmning the Association, printing and stationery 
costs, etc. These details are always available to members at the Associations' 
offices and are therefore not reproduced here. There were no objections 
to, or dissensions from the proposed new subscriptions. 

The Chairman then proposed and the Vice-Chairman seconded : — 

That the changes in members' subscription rates, and the introduction of 
entrance and transfer fees, be adopted. 

This motion was carried unanimously. 

There being no other business, the meeting dosed at 3.55 p.m. 
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OBJECTS OF THE ASSOCIATION 

Tlie objects of the Association are to collect, compile, and diaaeminate information of # technical and 
•emi technical nature pertaining to HeUcoptecs, and all other types ot Routing Wing Aircraft 

The Association aims to work in doae oo-operatioo with existing Aerooaatical BQdiflaKMLTN^\ME^«SBME9fia% 
iU Objects, and it may act as an Advisory Body in the promotton ol Vw|^U^ Vwv ca^K>cfla^\<rA \o\>% <A\>wwaftx 
to the developmeot of RoUtiag Wing Aircraft. 



THE FULL DAT DISCUSSION ON HELICOPTERS 

A Joint Meeting with The Royal Aeronautical Society was held on 
Saturday^ 20th November y I948y in the hall at the Institution of Civil 
Engineersy Great George Street y Westminster y Londony S.W.l. 

The Meeting was divided into three sessions : Morning, Afternoon and Evening. 
The Morning Session was presided over by Dr. H. Roxbee Cox,D.I.C.,F.R.Ae.S., 
F.I.Ae.S.> President of The Royal Aeronautical Society, the Afternoon Session by 
H. A. Marsh, A.F.C, A.F.R.Ae.S., Chairman of the Helicopter Association. The 
Evening Session was devoted to General Discussion. The idea of holding the Meeting 
originated with The Royal Aeronautical Society, who extended an invitation to 
The Helicopter Association to participate. Normally the publication of the papers 
presented to such a joint meeting rests with the inviting body, but in this instance the 
Association also expressed a desire to publish the papers, which was readily agreed to 
Ro^ Aeronautical Society by the R.Ae.S. For this, and for the very considerable 
assistance which has been given to the Publications Comminee by the Society's 
Editorial Staff, the Association is greatly indebted. 



MORNING SESSION 



General Problems of the Helicopter for Civil Use 

DR. H. ROXBEE-COX, D.i.c, F.R.Ae.s., F.i.Ae.s., 
President of The Roycd Aeronautical Society 

in the Chair. 

The Chairman opening the meeting, said he supposed that in aero- 
nautics the helicopter was the dream which had taken longest to come true. 
He believed that Leonardo da Vinci had dreamed it and he was certain 
that Jules Verne had done so. But there was a long period in a sort of 
borderland between dream and reality when helicopters were made which 
either did not fly or only just did so. 

In the past few years the helicopter had truly become a reality ; there 
were many years of research and development ahead, but the helicopter had 
arrived. In the Royal Aeronautical Society the helicopter had for long 
been one of the matters to which close attention had been given and in the 
past a number of eminent people had presented papers on the subject as 
well as on its sister, the " Autogiro," before the Society and one or two 
eminent people had also given lectures against the helicopter and the 
'* Autogiro." In recent years the helicopter had attained such importance, 
and its potential had been so widely recognised, that those who were 
enthusiastic for it had felt the need for the creation of a Helicopter 
Association ; in fact the Association had come into being in 1945 and had 
done a great deal of good work since. Many of its members, were also 
members of the Royal Aeronautical Society. 

It was fitting, therefore, that the two bodies should meet together to 
discuss a matter of common interest, one which was the sole preoccupation 
of the Helicopter Association and one which the Royal Aeronautical Society 
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believed to be of vital ihiportance. Thus the joint meeting had been 
arranged, which they were glad to see was well attended. As President 
of the Royal Aeronautical Society, he was glad to acknowledge how much 
the Society welcomed the co-operation of the Helicopter Association in 
that joint effort. 

He then introduced Wing Commander Brie, and complimented him 
on the tremendous service he had rendered to the development of the heli- 
copter and the " Autogiro." It was as long ago as 1935 that he had made 
history with an *' Autogiro " off and on a ship at Spezia in Italy, and had 
repeated that sort of thing since. He did it in 1942 in Chesapeake Bay, 
and he had been an example and a stimulus to everyone engaged in that 
field, which was not always quite so popular as it had becoihe today. He 
was with the Fairey Aviation Company just after the war, and since 1947 
had been in charge of the Helicopter Unit of the British European Airways 
Corporation. He held Helicopter Aviation Certificate No. 1, was a Charter 
Member of the American Helicopter Society and a Founder Member of the 
HeUcopter Association of Great Britain. 



The Operational Point of View 

By Wing Comdr. R. A. C. BRIE, A.F.R.Ae.s., A.F.I.AC.S. 

Although barely two years have elapsed since the helicopter was first 
certificated for dvil use, the problem associated with its operation are 
sufficiently well defined to enable their nature to be discussed with reasonable 
fiidlity. Actually, of course, there are twenty-six years, including many 
tens of thousands of flying hours behind this particular development, and 
it is quitcjogical therefore that the most advanced and successftd type of 
helicopter to date embodies the basic and well proven rotor features of the 
Cierva Autogiro. 

There is still much to learn, however, and at this stage of development 
it has in many ways been advantageous that, so faiy the field of operational 
use has been a professional one. Difficulties have been minor rather than 
of a major category, but circumstances could easily have been otherwise had 
there not been constantly available the requisite background of skill and 
experience not only to cure, but what is of equal importance, to anticipate 
and prevent trouble before it could assume proportions of a serious nature. 
Additionally the limited number of helicopters in use has encouraged and 
made possible a rather intimate and desirable liaison between constructor 
and operator, which in turn has given the aircraft a reasonable opportimity 
to establish itself and prove its value under strictly controlled conditions of 
inspection and operation. 

Essentially a product of the mechanical engineer, the helicopter with 
its clutch, gear boxes, driving shafts, universal joints, together with numerous 
ball, roller and needle bearings is a mechanism comparable in many ways 
to that associated with more normal and accepted means of surface transport. 
That with the aid of this transmission system the helicopter is capable of 
becoming airborne with an adequate degree of control is in itself remarkable. 
The faa that it also has performance characteristics which enable it to be 
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operated with ftdlity from extremely confined areas, even under pronounced 
condidoos of turbulence, provides adequate proof of the sfcill with which 
the pioneeis have solved the major problems associated with the functioning 
of the rotor system. 

To enable the subject to be viewed in a proper perspective it is opportune 
and appropriate to draw attention to current achievement in this country. 
Over a recent period of 
nine months covering 
more than 1,000 bouts 
of experimental and 
day-to-day scheduled 
operation, there was on 
no occasion a cancella- 
tion or interruption of 
a flight due to the 
failure of a purely heU- 
copter component. 

Criticism, therefore, 
will be tempered with 
moderation, for it has 
been conclusively 
proved that no funda- 
mental deficiency exists 
in a basic configuration. 
Whatever difficulties 
have arisen can be attri- 
buted to, and arise 
directly from a lack of 
refinement in detail 



General Problems. 
The general problems which I shall indicate and discuss fall under the 
headings of : — 

Engineering, Flight Characteristics, and Operation. 
The order indicated bears no particular significance, but the arrangement 
is convenient in that the effect of one has a direct association with, and 
influence on the others. Appropriate sub-headings might well be mainten- 
ance, pilotage and performance. 

Engineering. 
The application of continuous power to the main rotor, the need for 
uninterrupted rotation of this component in the event of power failure, and 
the provision of adequate means for torque compensation, involves mechanical 
complexity and multiplicity of moving parts. Moreover, the natural 
vibrational characteristics of the rotor system are such as to make the aircraft 
as a whole particularly susceptible in terms of frequency and amplitude to 
quite small departures fiom allowable tolerances on linkages. 




The working life of main rotor blade hinge bearings for instance is 
currently of too limited a nature. Compactness has been achieved at the 
cjpcDSt of reliability, comfort and performance. Utilization is impaired, 
inspection schedules are prolonged, and costs of operation appreciably 
increased, not only through enforced servidng, but also by the interruption 
in the working life of other components which would best function if left 
alone. 

Ideally all components should have a stated life, their ready replacement 
and precise interchangeability being of primary importance. Even so, the 
possible reduction in maintenance man hoiu^ thus affected is of itself 
inadequate unless the design layout of the aircraft has been such as to allow 
a concentrated effort to be applied, thus reducing turn-round time to a 
minimum. 
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Accessibility for inspection and replacement of working parts also 
necessitates easily removable panels, jacking and sling points, hand grips 
and foot-rests. Dismantling and assembly of unitary components can only 
be accomplished with fiidlity and Uttle risk of damage by the provision of 
carefully designed tools and extractors. 

The suppression of friction involves adequate lubrication, particularly 
with highly loaded bearing surfaces. If a grease gun has to be used, correct 
positioning of the connectors is a minor point with major implications, 
second only to the selection of the correct grade of lubricant. 

Thus, sound engineering practice during the initial design period is a 
vital fiictor in the determination of maintenance procedures, and their 
idatk>nship to and influence on utilisation. It is in fiia the hard core of 
reliability, operability and earning ability. 
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FuGHT Charactekistics. 

Although the view is occasionaUy expressed that the helicopter is not 
difficult to fly, it would be an czaggeratioD to suggest chat it is easy. 

The effidcncy of the control system as a whole is to a certain extent 
offset by delicacy required in the co-ordination of individual controb ; lack 
of unifonnity in sensitiveness and feel, and the inability to trim for any 
sustain^ period. Present unstable cbaracterisiics arc thus accentuated, and 
result in pilot mental and physical &tigue. 

Whilst ballasting can be accepted as a pre-flight requirement to compen- 
sate for calculated C.G. displacement due to load carried, the lack of a 
satis&ctory trimming device for use during flight necessitates the employment 
of the azimuth control, thus tending to restrict adequate control response to 
gusts, and adding to the difficulties associated with night and blind flying. 

Careful investigation is required into the positioning of controls and 
their relationship to normal movements of the body : cockpit comfort in 
terms of seating, visibility aitd temperature ; and instrument display in 
terms of selection, grouping and readability. 
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The psychological aspect of helicopter pilotage, and its co- related 
influence on instinctive reactions — especially during abnormal conditions of 
flight — needs to be explored, for the mental capacity to think may not always 
be in step with the physical necessity to aa. 



operation from confined obstruaed areas is appreciably influenced by 
performance charaaeristics. Maximum safety necessitates a rapid rate of 
climb at a steep angle of ascent during the take-off. Conversely, and to 
&cilitate landii^ in the event of power failure, particularly with single 
engine types, the rate of descent must be slow at low translational speed. 
These latter requirements are functions of power and disc loading, respec- 
tively, the desirable values of-which should not exceed 10 lbs. per h.p. and 
2 lbs. per sq. ft. respectively. 

Operation. 

Two essential operational requirements are that the equipment used 
shall be reliable and safe. 

Maximum utilization with minimum maintenance not only makes 
possible a high ratio of hours spent in the air to those spent on the ground, 
but this characteristic also breeds confidence amongst the operating crews 
in the reliability of the product they are handling. 

Safety on the ground both to crews and nearby spectators must be 
assured by sufficient elevation of the blade tips of main and torque compensa- 
ting rotors. 




For safety in flight, visibility from the pilot's seat must not be impaired 
by the external effect of rain, or internal misting. Preservation of accepted 
standards of transparency is particularly desirable during night and blind 
flying operations at low altitude. 

For the carriage of passengers the fuselage must be roomy and easy of 
access ; seating comfortable with good view externally ; vibrational and 
sound levels of a low order. 

Route selection will to a large extent be governed by either the lack or 
limitation of normal surface facilities, three obvious examples being the 
centres of densely populated areas, mountainous terrain and water crossings. 
Hence to preclude the possibihty of a forced landing due to power failure 
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under these oracratiiig condidons, i twia-engiiie insulkdoD is obliguoiy ; an 
essential penonnancc requirement bdng the maintenance of altitude in 
the event of partial power &ilure. 

Closely associated and parallel requirements to which brief reference 
should be made are the development of instrumental and navigational aids. 
Only by the ability to fly blind and at night will maximum utilization and 
operationally acceptable standards of efBdency and economy be attained. 
The accurate identificadoa and use of small InnHing areu also involves the 
development of suitable ground lighting equipment, the precise nature of 
which has yet u> be determined. 

The economics of helicopter operaaon arc at present such as to preclude 
consideration of other than highly specialised uses, a limitation which arises 
from high initial cost> and loWpay-load capacity. Thus the field of applica- 
tion will be resoriaed until the one bears a closer relationshq) to the other. 
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Whilst there may possibly be simple ways of appreciably increasing 
pay-load for freight or mail purposes, the solution as far as the human 
anatomy is concerned appears to lie in the development of bigger and better 
heUcopteis. Here the economic picture tends to assume a more pleasing 
appearance, for a preliminary smdy based on current practice indicates the 
possibility of effecting an appreciable reduction in costs per passenger mile 
and to a level more in line with accepted standards, with a 12-14 seater 
type of helicopter. 
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Conclusion. 

In endeavouring to cover a fairly wide field in the short time available, 
the object has been to indicate that whilst the helicopter has already arrived 
in a practical form, its further development is closely associated with a 
solution being found to many relatively small but nevertheless important 
problems. The subjea of economics is a wide one embracing many variables 
but there is little doubt that if there is to be any future in helicopter operation, 
if in fact the unique characteristics of this new means of transport with its 
independence of specially prepared landing grounds and its ability to save 
time are to be exploited to the full, then a fundamental requirement is that 
industry produces an acceptable product at an acceptable price. 

To ensure overall reliability in service, the term engineering must be 
considered in its broadest sense during the conception of any commercial 
helicopter, so much so in fiict that if necessary it would be well worthwhile 
to sacrifice performance, in terms of high speed, on the altar of utilization. 
Although man bpvas expended on maintenance have an important influence 
on engineering costs, hours of unserviceability reflect adversely on earning 
capacity. 

In summing up, the stage of development already reached in the rotary- 
wing art indicates clearly the need for boldness and enterprise in making the 
best use of knowledge which already exists, rather than in scanning for fresh 
horizons with their inevitable uncertainties. There is nothing mysterious 
about what enables a helicopter to function, neither need there be any doubt 
about the direction in which its logical development should be pursued. If 
industry desires seriously and profitably to participate in this comparatively 
virgin field of vast potentialities, it must keep its head clear of the clouds of 
theoretical procrastination, and place its feet firmly on the ground of practical 
reality. This does not imply that improvement is not desirable, but it does 
imply the necessity for a sharp dividing line to be drawn between long-term 
resesirch, and short-term development. 

The latter is our inunediate concern, and satisfiictoiy solutions to the 
operational problems involved will only be reached expeditiously by mutual 
co-operation between those who produce and those who operate. 



THE CHAIRMAN : 



The Chairman said that, having heard a most interesting paper by 
Helicopter Pilot No. 1 and, hoping that they would hear later from Major 
CORDES the holder of the 2nd Certificate, the paper on technical problems 
was to be presented by the holder of the third ticket. Captain Liptrot 
liad for a long time worked out the specifications and performances and 
things of that kind in the Air Ministry and the Ministry of Aircraft 
Production. At the moment he was thoroughly enjoying himself working 
with, and on and in, helicopters. At present he was Deputy Direaor, 
Research and Development (Helicopters) at the Ministry of Supply. 
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The Technical Point of View 

By Captain R. N. LIPTROT, c.b.b., b.a. (Cantab.) 

In a paper such as this, where I am asked to point a critical finger at 
the problems which we have to face in developing the helicopter for dvil 
operation, it is inevitable that I should call attention to the shortcomings of 
the helicopters on which our experience rests so fai. We have to remember 
that it is only a few short years since the heUcopter reached the stage when 
it could be put in the hands of operators, and that the types on which the 
whole of our experience is based were bom in the stress of the war years 
when they had to be put into use just as soon as they worked reasonably 
well. We have to admit that in many respects they are relatively crude in 
design, but, nonetheless, they have demonstrated that the helicopter is a 
practical transport vehicle and they have proved their worth in many fields. 
The helicopter has definitely arrived and will take its place in Civil Aviation 
as complementary to the fixed wing aeroplane for normal transport operations, 
and in a sphere entirely its own where its special characteristics make it 
capable of doing work which no other vehicle can perform. 

When we critically examine the helicopter problem and the characteris- 
tics of available types, the special problems which stand out for investigation 
during the next stage of development are as follows. 

Vibration. 

The least informed on the subject will immediately realise that when the 
rotating lifting system of a helicopter is in translation, the velocities and, 
therefore, the lift on the blades on the advancing and retreating sides are 
very different, so that in the absence of some special arrangement there 
would be an upsetting couple about the longitudinal axis. This can only 
be corrected by a periodic change of the lift and drag forces on the blades, 
so we can expect to experience severe vibration. 

The classic solution, of course, is the flapping blade introduced by 
Don Juan de la Cierva, which not only balances out the dissymmetry of 
lift, but relieves the blade roots of the periodic bending moments. This 
solution was elegant, but, unfortunately, instead of relieving the vibration 
problem, it actually accentuates it. This arises in several ways : 

(a) The longitudinal flapping due to the forward motion results in a tilt of 
the tip path plane with respect to the axis of rotation and, in addition, 
the tip path plane has to be tilted by some form of periodic control in 
order to trim the aircraft at the attitude necessary for the speed. There 
is, therefore, a dissymmetry in the plane at right-angles to the axis of 
rotation and periodic forces in that plane. 

(b) In addition, a flapping blade is subject to a Coriolis acceleration in the 
plane of rotation. Perhaps the simplest way of explaining this is to 
point out that, as a blade flaps upwards, the distance of the centre of 
mass from the axis of rotation decreases. For constant Kinetic Energy 
however, the product of this distance times the angular velocity must 

10 The Journal of the HdicopUr 



remain constant, so that the blade in effect must accelerate as it flaps 
upwards and decelerate as it flaps downwards. This again involves 
periodic forces in the plane of rotation. 

These two dissymmetries make it necessary to introduce a drag hinge, 
in order to relieve the blade root from the periodic bending moments 
which otherwise would tend to cause blade fatigue failure. The 
introduction of the drag hinge, however, leads us into further trouble, 
since the natural frequency of one of the modes of oscillation of the 
blade about the drag hinge is close to that of the periodic forces, so 
that we get an unstable hunting oscillation unless the freedom of move- 
ment of the blade about the drag hinge is restricted by damping or the 
natural frequency is raised by some means. 

(c) As the ratio of forward speed to rotational speed increases, the retreating 
blade is more and more stalled, and for this reason again vibration is 
experienced. 

(d) In the helicopter, where forward motion is obtained by tilting the tip 
path plane, there is an added axial flow through the disc, which reduces 
the effective angle of attack of the blades. The tip sections are affected 
less than the root sections, so that as the collective pitch is increased to 
maintain the average lift at the required value, the tip sections are 
overpitched and periodic stalling occurs. 

Enough has been said to show that in forward flight we have a veritable 
witch's cauldron of fluctuating forces and a vibration problem which, though 
it may delight the heart of a vibration engineer, is one of the main headaches 
for the poor designer. Vibration indeed, rather than compressibility effects, 
may be the major factor in limiting the top speed of helicopters. 

It is not within my province to indicate the lines of attack on this pro- 
blem, that is for the aforementioned poor designer this afternoon, but I do 
want to introduce a word of warning. Some designers have considered that 
it is sufficient if the vibration is isolated from the aircraft, arguing that what 
the eye does not see — or rather what the body does not feel — ^the heart does 
not grieve about. This, of course, may be quite all right for the passenger 
who would not tolerate severe vibration, but it is simiilating the ostrich in 
burying one's head in the sands of complacency. Even though isolated and, 
therefore, not impinging on one's senses, the periodic forces are still there 
and will promote fatigue failure. Personally, as one who persists in flying 
helicopters, I want to feel any vibration which may be present, so that 
should it increase in severity I know that something is wrong and can take 
steps to correct it. 

SiMPLinCATION OF CONTROL. 

There is a widespread belief that the helicopter is difficult to fly, and 
we have all heard of pilots with thousands of hours on fixed wing aircraft 
who, in the early days of their conversion to the helicopter, have despaired, 
of ever getting the hang of the thing. It is perfectly true that existing 
helicopters prove to be extremely difficult to master in the case of some 
pilots. It is probably true to say that it is far easier to train an ab initio 
pupil, who has never been in the air before, than a very experienced fixed 
wing pilot. This in part is due to a psychological effect, in that the skilled 
pilot at first cannot bring himself to break all the rules of the game on which 
his very life depends on a conventional aircraft ; for instance, in fl3ring at 
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.maximum speed and deliberately coming to a standstill when some 20 ft. 
above the ground. 

This aspect is well illustrated by a comment which was made during 
the first delivery flight of the Sikorsky XR-4 from Bridgeport to Wright 
Field. After landing at Rochester and doing some typical helicopter flying, 
one of the fl3dng instructors on the field approached the pilot, saying " How 
do you expect us to teach these fledgelings to be good fliers ? We spend 
months teaching them to keep flying speed at all times, and then you guys 
come along and make liars out of us with that cockeyed contraption. 
Doesn't the Army want pilots ?" The remaining difiiculty arises from the 
control characteristics of the heUcopter. 

In the fixed wing aircraft, although it has the six degrees of freedom 
of any body in space, we can get complete control from three angular controls 
and die throttle, since the aircraft can only move, at least continuously, in 
the direction in which its nose is pointed. The helicopter, however, as our 
American friends put it, can move in 362 directions, f .«., along any azimuth 
as well as up and down along its axis. At least one additional control, 
therefore, is required — ^the collective pitch control. As the human being 
only has two hands and two feet, two of these controls, the throttle and the 
collective pitch have commonly been operated by one hand, and it has been 
the correct co-ordination of these two which has complicated the issue fi^r 
the pilot. On top of this, in what has become the classic configuration, 
t.e.y the single main rotor with tail rotor for torque compensation, there is 
a further difficulty that any use of one control demands co-ordinated adjust- 
ment of other controls ; for instance, use of the tail rotor as a yawing control 
absorbs more power when turning against the torque reaction than with it, 
so that an appropriate throttle adjustment has to be made if height is to 
be maintained. Conversely, any adjustment to the throttle or collective 
pitch alters the torque reaction and so involves the use of yawing control. 
In sideways flight opposite rudder must be applied to keep the aircraft 
heading correctly, and this again involves throttle and /or pitch correction 
to maintain height. 

Again there is a lag in response to azimuth control, though the control 
is extremely powerful and requires only very small application, and the 
response is normally far quicker in the rolling sense than in the pitching 
sense due to the big differences in inertia about the two axes. For this 
reason the pilot tends to overcorrect and to start violent swings which can 
result in an accident when flying close to the ground. 

I have made something of a song about this difficulty of control because 
it is very real, but I would stress that it is only in the early stages that there 
is any real difficulty in control. Once the pilot gets the hang of the thing 
he can relax a little and flying becomes relatively simple. Nonetheless, 
flying helicopters demands a good deal of concentration, and in the next 
generation of helicopters the controls must be simplified and some of the 
co-ordination of the controls must be done for the pilot by some mechanical 
device in order to relieve the fatigue which today is quite severe. 

Stability. 

Mr. Stewart in his lecture gave a very full account of this problem, so 
that I need not go into detail. It will suffice if I say that, with the increasing 
use of the helicopter for commercial operation, we must be able to cater for 
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moie and more adverse weather condidons. This is especially inqponant 
for any of those uses where a rigid time schedule is demanded, as, for instance, 
for postal services. Intrinsically, the helicopter is the safest of all flying 
madiines under low visibility conditions, since it can adjust its speed to be 
qyprqpriate to the visibility at the time. Under blind conditions, however, 
where the pilot has to give his whole attention to navigation, radio, contacts 
with controls, etc., stability characteristics which might be acceptable under 
contact conditions even in low visibility become quite intolerable. Moreover, 
we can expect increasing use of the heUcopter by private owners and others 
who cannot be given an aircraft with undesirable handling qualities, even 
though such poor qualities might be overlooked to some extent by skilled 
operators or for purely miUtary use. 

It is important, therefore, that the designers should give us improved 
stability, certainly under normal cruising conditions, and preferably 
under any conditions of flight, including hovering. 

Safety. 

The heUcopter in common with the g3nroplane is the safest of all aircraft, 
since it cannot be stalled in the ordinary sense of that term. Even though 
its speed is inadvertently reduced right down to zero, it will sink on a level 
keel under ftill control. In the event of power failure, it is converted to 
a g3nroplane by pitch reduction and it can then make a safe forced landing 
into a small dear space exactly like the Autogiro. I realise that in making 
such a sweeping statement as this I am likely to be criticised, but I make 
the statement deUberately in order to stimulate discussion and get the 
answers ftom the designers. 

There is, however, the difference in the heUcopter that, in order to 
ensure the maintenance of r.p.m., the blade pitch must be reduced rapidly, 
odierwise, with the bhde angles commonly necessary in ordinary flight, the 
rotor would slow up below idhe safety Uoe in a few seconds. It is for this 
reason, coupled with the need to simplify the co-ordination of pitch and 
throttle, that some form, of constant speed unit has been advocated, so that 
in the event of power unit failure the change to autorotadon is inmiediate 
and automadc, and does not require any emergency acdon on the part of 
the pilot. 

A word of warning is perhaps necessary on constant speed devices. 
Most of the devices proposed so far follow the lines of the constant speed 
propeUer, i.e.y the governor operates direa on coUecdve pitch. These 
devices are not satisfiutory, since they introduce a hazard of their own in 
that, in the event of power unit failure very close to the ground, they take 
the wrong remedial acdon, since, under these condidons, the coUecdve pitdh 
should be increased, so using the kinedc energy of the rotor to arrest the 
landing, and as the pUot himself has no control over coUecdve pitch he 
himself cannot take the right correcdve action. On the other hand, if the 
^vemor operates on the throtde whUe co-ordination of pitch and throtde 
18 done automadcaUy for the pUot, the oollecdve pitch lever becomes his 
master control and he stiU has to decrease pitch manually in the event of 
engine faUure. 

There is a further difficulty that, in the helicopter state, the airflow is 
downwards through the disc from above, ^i^iereas in the autorotadve state it 
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is Inwards through the disc. Also, if the engiiie failure occurs at slow air 
speeds, it is necessary to pick up speed in order to obtain the minimum rate 
of descent on the ghde. To pick up the necessary air speed from hovering 
and to establish the new flow pattern, the average loss of height is of the 
order of 300 ft., decreasing with increase in air speed at the time of the 
engine failure. This is the one real potential haauurd with the helicopter, 
and today pilots are instructed not to fly at low speed between, say, 30 ft. and 
300 ft. 

If the single-engined heUcopter is to be permitted to operate over 
built-up areas, it will be essential to remove this potential dai^^ and, in 
any event, it will have to be catered for, since so many of the practical uses 
to which the helicopter can be put — ^for instance, crop spraying — demand 
flight at low speed, even hovering, and at relatively low heights. 

Maintenance. 

I think that nobody with operating experience on the available heU- 
copters will disagree with me when I say that it is not the admittedly high 
initial cost of the helicopter today which has taken the gilt off what looked 
like a gingerbread to the early heUcopter operators ; it is the maintenance 
costs due to the direct labour in short period inspection and overhaul, the 
excessive requirements of replacement parts, and the lost time due to 
unserviceability, which have damped the ardour of the most enthusiastic 
It is true that maintenance crews with their built-up experience have made 
great advances in more rapid maintenance and servicing technique, but the 
costs have stabilised at too high a level. 

Frequent dismantling and inspection to preserve airworthiness and 
smooth operation were well worthwhile when we were gaining experience, 
but that time has now been passed over, and in far too many existing designs 
when undertaking this work the maintenance crew is faced with an exceed- 
ingly complicated mechanism which is over expensive to take down and 
inspect, if only by reason of the sheer number of parts involved. For 
example, in transmitting the cyclic pitch control from a swashplate to the 
blades, too many parts are used. A very small amount of wear at each joint 
causes an overall amount of backlash in the system, which involves early 
scrapping of many parts. This motion could far better have been trans- 
mitted by a single link, increasing the life between overhauls and cutting 
down expensive replacements. 

Ball or roller bearings at heavily loaded flapping, drag and feathering 
hinges are a source of continual trouble due to friction oxidation (the so-called 
" False Brinnelling ") which occurs in bearings where the angular movement 
is small. Friction oxidation causes very short bearing life as compared with 
a normal fatigue failure of the same bearing for single direction continuous 
motion, and it is only by reducing the load rating to about one-third of the 
unidirectional rotating rating that one can get a satis&ctory life in the 
applications which we are now considering. This phenomenon, although 
known already in many industries, has not been realised generally by the 
helicopter designers, who have chosen their bearings on the makers normal 
ratings and, as a result, bearing replacement has been one of the major causes 
of high maintenance costs. Similar early failure of universal joints at points 
where angular change in direaion of shafting is only one or two degrees 
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was a fruitful cause of unserviceability and need for replacements in the 
early operational helicopters. Research on this phenomenon and the 
development of bearings which will give longer life under oscillating motion 
at small amplitude is urgently needed for the helicopter. 

Most heUcopters are characterised by the complete inaccessibility of 
their power plants. Engines are enclosed in cooling air ducts, completely 
boxed in by fire-walls and dose to fuel and oil tanks in such a way that they 
can hardly be seen even by the most conscientious mechanic, and so receive 
little or no preventative maintenance. Cases are known where the fuel 
tanks have to be removed to enable the plugs to be cleaned. The designer 
all too often in the past has been responsible for an arrangement in which 
the aircraft virtually has to be dismantled in order to change the engine. 
Maintenance under such conditions is naturally difiicult and the designer 
must do better in the future. 



Discussion. 

W. Tye (Air Registration Board) : On the general layout of rotor ssrstems in 
present-day helicopters, Mr. Hafner would probably say why it was best to reaa the 
main rotor torque with a little fan stuck several feet behind where any decent fuselage 
ordinarily stopped ; Dr. Bennett would then explain why the same function was so 
much better performed by a propeller asymmetrically mounted ; and Mr. Shapiro 
might even try to convince the meeting that both these solutions were wrong, and that 
the real answer was to suspend the helicopter from three remote comers. Perhaps the 
problem was comparable with one debated many years ago on monoplanes, biplanes 
or triplanes, and whether the uil should be in front or behind. He did not know who 
was right or who was wrong about the helicopter, but insofiu* as any residual engineering 
instincts were left to him, these instinas rebelled against all these configurations. 
His instincts did not tell him what a helicopter should look like, but he hoped that 
someone might supply the answer. He admitted that these criticisms might be quite 
unjustified. 

They were at the beginning of the development of the helicopter into a sound 
commsraal vehicle, but if helicopters were to be made commercial vehicles, they must 
'be more efficient (in the broadest sense), and safety, which had so far been good, must 
keep pace with the increasing uses of the helicopter. 

The authors had referred already to a number of directions in which improvements 
could be achieved, both in efficiency and safety. These two developments must 
proceed hand in hand, although, inevitably they would pull in opposite directions. The 
aim of airworthiness people was to see that a reasonable baknce was maintained 
between the two. 

The problem was by no means new, for it had to be faced every day with fixed 
wing aircraft, but in that latter sphere they had many years of experience to guide 
them. In the helicopter fidd the experience was much shorter, and he felt it would 
be easy to allow safety to suffer in the interests of efficiency, or vice versa. The only 
satisfaaory answer was to obtain as much information and as quickly as possible about 
the wav in which helicopters behaved in operations or simulated operations. 

The following were examples of things they needed to know : — 

The loads applied by the pilots in manoeuvres ; Information to assist in the 
determination of fatigue conditions for rotor blade design ; The velocities of descent 
in normal and emergency landings ; The use of engine power in typical flights ; The 
effea, if any, of ice on the rotor blade ; The degree of subility necessary for safety. 

That list was not intended to be exhaustive. 

He had served on the Air Registration Board's Rotorcraft Requirements Co- 
ordination Comminee, on which designers, engine construaors, operators, and 
specialists from the R.A.E. and the Mmisoy of Supply were striving to prepare a 
dietign code which would esublish and maintain a reasonable level of safety. The 
Conunittee's usk was nude extremely difficult by the absence of the kind of informa- 
tioo to which he had referred. 
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O. Fitzwilliams (Westland Aircraft Ltd.) Founder Member: He wondered if 
Mr. Tye objeaed to sailboats. He could think of nothing more asymmetrical than 
those time-honoured vehicles. From a performance standpoint it did not seem to 
matter in practice how many rotors there were or where they were placed, the result 
was always a lemon ! It was a matter of engineering convenience ; they could not 
do what was required with just one rotor without some form of jet drive, and they had 
to choose the most economical means. 

The authors of the first two papers, and to a lesser extent the authors of the later 
papers (from the summaries he had read) had shown a tendency to continue at this 
meeting the habit of grumbling together about their mutual shortcomings. That was 
a valuable and salutary purpose of the Helicopter Association, but he doubted whether 
it was proper at a meeting such as that with the Royal Aeronautical Society. Surely one 
object of the meeting was to enable the helicopter fraternity not only to explain their 
problems but also the reasons for their obvious enthusiasm, in the hope that moxe of 
the highly qualified and experienced people in the aviation industry might be ^ed to 
see in the helicopter a fascinating and thoroughly useful outlet for their talents. He 
could not help feeling that those with a wider experience of aircraft engineering along 
orthodox lines would have noticed that most of the complaints which had been made 
that morning about the heUcopter were of a curiously minor nature. The main 
hold-up in helicopter development was not because of the existence of mysterious 
problems which could be handled only by a genius ; the main holdup was, and always 
had been, lack of funds and lack of volunteers from the ranks of the more talented and 
experienced aircraft engineers. 

The position was by no means so pessimistic as might be assumed from the papers. 
He thought that, far from being comphcated, every successful rotor system now 
flying was of a simplicity approaching crudity and the contrary impression was an 
illusion arising from unfamiliarity with the simple swashplate mechanism involved. 
The reliability of the mechanism was astonishing, considering the small extent of the 
facilities which had been available. Improvement was a nutter of skilled, but 
nevertheless straightforward, aircraft enfi^eering. Surprising attention had been 
paid to the servicing aspect in the existing helicopters. It was not true to suggest 
that they were lacking in proper provision for maintenance. Also, their power plants 
were reasonably accessible. They were not perfect, and to suggest that maintenance 
was entirely satisfiiaory would be untrue, but in at least one type that was operating 
there had already been serious complaints that the time and energy called for on 
inspection schedules was out of all proportion to the trouble that was actually found 
in the machine when it was inspected. Some of the major parts, the tail gearbox 
and so forth, were not even dismantled for inspection over a period of sometlung Uke 
600 hours. That was the present generation of helicopter. 

Insofar as difficulties of this sort did exist, they did not involve anything peculiar 
to the helicopter nor anything which could not l>e cured by straightforward application 
of money and man-power in the design offices. Without these progress must remain 
slow. 

The same remarks in the same degree could be made about stability and most of 
the other problems discussed. In considering stability, they must thii^k of the use to 
which helicopters were put and the kind of helicopter with which they were dealing. 
For passenger operations twin-engined helicopters were needed because passenger 
operation meant efficient service into and out of the principal towns. 

At present helicopters are mostly single-engined and mainly for specialised duties, 
such as crop spraying, rescue and so forth. 

In a recent lecture to the JHelicopter Association Dr. Sissingh had described a 
most elementary collection of bars and links which could perform all the functions 
of an otherwise highly expensive automatic pilot. He did not think there was a 
designer in this country who would at the moment bother to incorporate it, for it was 
just not worth while in present conditions. Later on, when they needed stability in 
passenger operations, and a great deal of work had already been done on the stability 
of the multi-rotor arrangements, when the law of supply and demand called for it, 
stabihty would be provided. 

Much the same could be said of cures for vibration. He l>elieved Mr. Shapiro 
would point out that the vibration which bothered the occupant of the hehcopter at the 
moment was due mainly to lack of foresight and effort in the design offices, which was 
imavoidable at the moment. The vibration which was really inherent in the helicopter 
and which could not be eliminated, was small compared with the vibration of ordinary 

]6 The Journal of the Helicoptfr 



surface means of transport. If they wanted to fly helicopters at speeds much above 
140 m.p.h., where vibration problems really became severe, they might have to use 
forward propulsive airscrews and possibly fixed wings, but such aircraft should prob- 
ably be called " convertaplanes,'* rather than helicopters. 

The further development of hehcopters was dependent mainly on the money and 
manpower available, but the helicopter manufacturers were not waiting ; they were 
going ahead with the production of helicopters, confident that customers would buy 
and use them and thus provide the funds necessary to bring the hehcopter to the state 
of perfection desired by the operators. 

L. S. Wigdortchik (B.E.A. Helicopter Unit) Founder Member : He beheved the 
future of the helicopter was dependent on its commercial potential to an extent that 
set it right apart from the fixed wing aircraft. The latter, because of its over-riding 
military value, had never lacked funds for its development, but such an all-important 
incentive did not exist for the helicopter. Therefore, they must understand from the 
outset that it was essential to make the helicopter a commercial proposition with a 
realism, and even ruthlessness, not hitherto seen in aviation. 

There was no longer any real problem in making a helicopter with acceptable 
flying charaaeristics ; and, as the audiors had shown, the practical problems were well 
on the way to solution. The real problem was to produce a helicopter that could be 
made a commercial success by an efficient operator. 

Qose economic analysis of contemporary helicopters showed that the operating 
costs were high and out of all proportion to the general service rendered, mainly 
because of the high ratio of initial cost to disposable ton-miles per hour. Commer- 
cially tliey could only be considered in roles where either the payload against distance 
carried had a high intrinsic value, or a special service or novelty aspect was exploited. 

To some extent it might be possible to produce cheaper and more efficient 
machines by simplification of detail and overall design, without impairing ultimate 
performance and reliability. Was it really necessary to follow fixed wing require- 
ments for undercarriages, structures and other design criteria ? Similarly, could 
requirements for vertical flight performance be relaxed, in order to be able to operate 
at heavier all-up weights ? The engine-off landing was no longer such a hazard as 
they had thought ; thus, his suggestion might be seriously considered. Again, many 
existing hehcopxers carried excess structural weight, because of the imknowns that 
existed during their design stage. To-morrow's helicopters would benefit by later 
experience. 

He believed that a great advance in commercial characteristics would be obtained 
with the large helicopter, in the 1,500-3,000 h.p. class, since all indications showed 
that such machines would have a much lower ratio of initial cost to disposable ton- 
miles per hour. Such an aircraft would have to be able to maintain a groimd speed of 
100 m.p.h. against a headwind of 40 m.p.h. over blocks of 250 miles and must be able 
to carry 20-30 passengers. 

It was no use having helicopters if they did not know how they were going to use 
them and over what routes. The work being done to-day was valuable in the opera- 
ting lessons that were being learned, and from that they must take their guide. His 
own view had always been that the helicopter was best suited for passenger transport 
because of its ability to reach city centres, but it must be able to offer a service that 
soon became indispensable and that could only be done by a service with a utihty 
fu* in excess of anything that went before. 

The history of vehicles showed that they became really economic only when 
mankind evolved his society around their potential. The helicopter had a chance to 
become part of the human fabric to an extent which might confound their thoughts 
to-day. 

Air Commodore W. H. Primrose, Member : In his British Commonwealth and 
Empire Leaure* Mr. Masefield had laid down four basic requirements for air trans- 
port to achieve its role as an economic medium in the communications system : — 

1. Efficient aircraft. 

2. Efficient operators. 

3. An efficient ground organisation (meaning adequate airports and adequate air 

traffic control). 

4. An air faring outlook — by the public. 
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The first and second of those requifements had been dealt with adequately in 
the first two papers and more would be heard, he hoped, from the other papers. But 
there was a complete absence of any mention of the Masefield requirements 3 and 4. 

Let them assume that within the next five years intensive research and develop- 
ment would result in the production of the acceptable product at the acceptable price 
demanded by the operator, together with the evolution of a satisfactory operational 
technique and trained personnel. How far advanced would they be towards the 
practical economic utilisation of the helicopter as a means of speeding up commimi- 
cations if there were no developments in the provision of city centre l^dmg sites and 
other ground facilities ? Without those, few of the advantages which 5ie spedal 
characteristics of the helicopter possessed over other forms of transport could be 
reaped. It would be like having efficient trains or buses without railway tracks, 
roads, stations or termini. Would they not be back at the situation that faced them 
in the late 1920*s, with the then Prince of Wales making his appeals to Lord Mayors 
and Corporations to provide airports for their cities to enable them to operate internal 
air services ? 

The fourth requirement and the one which Peter Masefield had considered 
most important, was an air faring outlook. Even the provision of " Qty Copter 
Courts," as they had been called, would not ensure the full economic utilisation of the 
helicopter transport potential, unless the public were educated to be helicopter-minded. 
Again, they should learn from the lessons of the past and remember Alan Cobham 
stumping the country in his efforts to make the public air minded and air travel 
conscious. 

Another matter that he would like to hear discussed was that of the type of 
undercart or alighting gear for the helicopter of the future. Were they not in danger 
of following too slavishly the type of undercarriage that had been developed for the 
aeroplane, in the same way as they copied the lines of the horse-drawn carriage in the 
first motor cars ? 

The aeroplane, because it had to run along the ground before it could become 
airborne, and on landing after it ceased to be airborne, must have some form of wheeled 
undercarriage. The helicopter, because of its ability to take off and land vertically 
without forward run, did not require the wheeled undercarriage. There seemed to 
be considerable room for the development of an alighting gear which would save a lot 
of weight and /or drag and at the same time would provide a good shock-absorbing 
medium. Such a landing gear could also be made to spread the load over a larger 
area and so make less stringent the bearing strength requirements of landing sites. 
If it were an air pressure type it might also provide the facility for the helicopter to 
alight on water and float in a stable condition. The advantages of such an amphibious 
type required no stressing. 

A point in the economics of helicopter operation that was too often not fully 
appreciated, or was entirely overlooked, was that of its facility for rapid tum-roimd. 
That might well give it the advantage of at least 10 minutes at each end of a stage 
journey over the normal transport aeroplane. On a stage journey of 100 miles at 
100 m.p.h. enough time would be saved for an extra journey every three hours or so, 
which would go a long way towards nullifying the higher translational speed of the 
aeroplane, apart from time saved in surface travel between city centre and airport. 
He thought that Mr. Masefield had not made fiill allowance for that factor in his 
comparison of the aeroplane and the helicopter on the short stages. 

S. Scott Hall (P.D.T.D. (A) Ministry of Supply) : He appreciated that Mr. 
FiTZWiLLiAM had promised that when they had helicopters with multi-rotors the 
problem of stability would be solved. But it was important to consider the helicopter 
as it was to-day, and he understood that it still lacked stability. He had tried to fly 
an early helicopter and it had seemed to him very much like trying to balance a ball 
on the end of a pin ; it was certainly unstable. 

There was also the difficulty of flying blind, and he hoped that these two points 
would be dealt with adequately in the discussion because he regarded them as being 
fundamental. Good stability and blind flying qualities were absolutely essential to 
operation in bad weather. 

The authors of the papers had presented with clarity a subject which to many of 
those present was very obscure. 

A. McClements (B.E.A. Helicopter Unit) Founder Member : The helicopter 
needed development before it assumed its full effectiveness as a vehicle of transport ; 

i£ The Journal of tkf Helicopter 



but if they came down to fundamentals, economics would probably play a much bigger 
part than anything else in determining when helicopters would become available as a 
means of transport to the '* man in the street." One of the faaors affecting economics 
was closely related to helicopter engineering and maintenance procedures, and much 
could be done by the designer and operator which would refiea favourably on the 
overall economic picture. 

Maintenance methods at present slavishly followed the tradition of past aero- 
nautical practice. They inspected machines at given periods, pulled them to pieces 
at other periods and put them together again, often doing more harm than good in the 
process. More important they kept the machines on the ground during those 
performances. Some idea of the drain which such methods imposed on the operator 
could be gathered from his own experience, which showed that for every hour flown 
by a helicopter they kept it standing on the groimd tinkering with it for approxi- 
mately 21 hours. That figure bore no relation whatsoever to the reliability of the 
type of machine in question. In actual fact, current certificated helicopters were 
known to be remarkably trouble-free. 

Why, then, was the work done ? The main reason was because they did not 
know enough about the product they were handling and were forced to find out the 
hard way. Such methods gave some assurance against breakdown and accident, but 
they were so unattractive economically as to make it obvious that attention must be 
paid in future designs to ensure higher utilisation and less maintenance effort. They 
would go a long way towards their goal, and at the same time probably make one of 
the most forward steps in helicopter development for some time to come, if they 
worked on the following lines : 

(a) A realistic balance must be struck between performance and possible useability. 
The designer must try to give the operator the maximum possible utilisation 
potential for the minimum amount of engineering maintenance effort. The 
future commercial helicopter which would be popular would not necessarily 
be the one which had the highest performance, it was more likely to be the one 
which was reliable and required little attention. 

(b) The present system of maintenance in which all effon was aimed at discovering 
defects by searching for them at frequent intervals should be abandoned. The 
manufacturer should find out what the lives of his helicopter components were, 
and let the operator leave those components alone until their lives were over and 
then change them. This implied considerable effon by the manufacturer in the 
initial stages of a project, embracing bench and laboratory testing and full-scale 
evaluation under conditions of controlled intensive flying. Such effort should 
be undertaken before the machine was offered for regular operation. 

(c) The closest attention should be paid to interchangeability and accessibility so 
that parts could be replaced quickly and without the need for " fitting." 

(</) The closest attention should be paid to easing the problems of servicing. 

(je) Adequate special tools should be provided so that servicing and maintenance 
could be done easily and quickly. 

There was nothing particularly original about those suggestions. The lecturers 
had clearly touched on most of them and people interested in fixed- wing aeroplanes 
had been making similar suggestions for some time. There was one important 
difference between the commercial aeroplane and the commercial helicopter ; the 
hehcopter had no background of convention to overcome and they had a golden 
opponunity to start it off properly. 

There was no point in just saying that the helicopter would have a great future, 
because its future would depend solely on what they made it. Being new, they had 
an ideal opportunity of exploiting to the full the enormous possibilities which it 
undoubtedly had. They could only do that by adopting the methods best suited to it 
and not necessarily those related to any existing form of transport. The selection of 
such methods would call for the closest co-operation between designers and operators. 

Group Captain E. Fennessy (Decca Navigator Co. L td.) : The navigation of 
the helicopter was a very different problem indeed from that arising with the fixed 
wing aircraft. Bearing in mind the vast size of modem airfields used by fixed wing 
aircraft, it was not so much a problem of finding those airfields ; indeed, they could 
hardly be missed. The major problem of fixed wing aircraft was to get them down in 
safety. On the other hand, the helicopter had to land in a small space, which probably 
had to be approached be a devious route. The problem was more akin to that of 
marine navigation, wliere ships had to proceed by devious channels in close proximity 
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CO dangen in order to reach restricted and confined ports. There was one most impor- 
tant difference bet w een the problem of navigatmg a ship and that of helicopter 
navijgation. In a ship, it was possible to carry considerable amounts of navigational 
equipment, without regard to weight, and extensive fiudlities could be providol for 
plotting the ship's position and course on Chaits. In the helicopter, navigational aids 
must be of minimum weight, and furthermore, since the pilot was fiilly occupied with 
the problem of flying the helicopter, no technique involving any procedure of plotting 
the position would be acceptable. 

The pilot must have provided for him, in an automatic fiishion, adequate infor- 
mation to enable him to follow the proper route in any weather and without his bdng 
involved in any manual operation, other than that required to switch the equipment 
on at the start of the flight. 

It was encouraging to note that many of those concerned with helicopter operation 
appeared to be well aware of these operational requirements. As a ndio engineer 
concerned with co-operating with the aeronautiosl engineers and the operating 
authorities, it was a pleasant experience to find sudi an awareness of the necessity for 
an early solution of these problems. There was, indeed, a more live realisation of the 
need to solve the problem then was perhaps existing in the field of fixed-wing aircraft 
navintion and control. 

The Decca Navigator Company were working in close collaboration with the 
Helicopter Development Unit and the Research and Development Division of Bri^th 
European Airwa3rs, on the solution of these problems of automatic navigation. The 
principles being followed were that firsdy, a radio navigation system should be 

Erovided which gave the adequate basic information and the aircraft s position, and it 
ad been found in triab conducted by British European Airways mat the Decca 
System provided this basic fiidlity. To interpret this information to the pilot in an 
automatic manner, the Track Control Unit had been developed. This was an elec- 
tronic interpreter, in which the aircraft's position derived nom the Decca Sytnem, 
was converted to a simple meter display, telling the pilot his position with respect lo 
track, in terms of both his distance to left or right of track, and his distance to fly along 
track to destinaticn. The pilot had therefore only two meters to consider, one told 
him when he was on track, or how fiur he had deviated to left or right ; the other told 
him h:>w fiur he had to ^ to reach his destination. An equipment meeting tlua 
requirement had already ben flight tested, and further models were under construction. 
It was not unwise to predict that within a year or two, it would be possible to 
present the pilot with an automatic map display of his position. 

The fiur-sightedness being shown by British European Airways in both the tech- 
nique of helicopter flying and of automatic control would imdoubtedly result in 
bringing much nearer the day when the helicopter would be widely applied to many 
forms of communication. The mistake was not being made of producing a good 
flying machine and then flnding that they were not able to operate because of lack of 
necessary blind flying and navigational focilities. 
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The Constructor's Approach to the Problem 

H. A. MARSH, A.F.Co A.F.R.Ae.s. 
Chairman of The Helicopter Association 

In the Chair 



Ladies and Gentlemen, 

Before calling on the first lecturer this afternoon, I would like to take 
this opportunity, on behalf of the Helicopter Association, of thanking the 
President and Council of the Royal Aeronautical Society for their courtesy 
in inviting us to share to-day's proceedings. The idea of a full day's discus- 
sion on helicopters originated with the R.Ae.S., but it can hardly be a 
coincidence that all those invited to read papers are members — I should say 
Founder Members — of the Helicopter Association, three of them being 
Council Members and one an ez-Coundl Member. You are no doubt all 
aware that the Helicopter Association is of comparatively recent formation 
and owes a big debt of gratitude to the Royal Aeronautical Society, and 
other bodies for all the help and guidance they have given in the three 
years since the Association was incorporated. 

This morning you heard papers read giving the operators and technicians 
point of view on helicopters ami this afternoon you will hear three papers 
giving the constructors' approach to the problems. 

As our time this afternoon is limited I am going to ask the Lecturers to 
present their papers in turn with no pause for discussion between the papers. 
We will then conclude the afternoon proceedings by having a short discussion 
on all the papers ; this discussion can continue after the Tea Interval. 

The first paper will be presented by Dr. J. A. J. Bennett who will 
describe some special aspects of the Fairey Gyrodyne — ^the helicopter which 
now holds the world's speed record. 

Dr. Bennett was educated at Glasgow, London and Gottingen Univer- 
sities and has specialised during the past 18 years on rotary wing development. 
He worked very closely with the late Senor de la Qerva and his present 
appointment is that of Head of the Helicopter Division of the Fairey Aviation 
Company. He was largely responsible for the Aerodynamics of the early 
Weir's single seater autogiros, the direct take-off Cierva Autogiro and is 
solely responsible for the Fairey Gyrodyne. I now ask Dr. Bennett to 
read his paper. 
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The Fairey Gyrodyne By 

J. A. J. BENNETT, d.sc., Ph.D., F.RJie.s. 

The Gyrodyne Approach. 

The success of the helicopter today is primarily the result of a background 
of rotary- wing experience covering many years of research into the problems 
of the gyroplane. This simple form of rotorcraft, proposed by Juan de la 
QervX was developed to a stage at which vertical take-off and landing were 
normal maneouvres and were no longer exclusive features of the helicopter. 
Only the ability to hover remained as the imique advantage of the pwer- 
operated rotor — ^an advantage for which a heavy penalty had to be gmd. 
The general problems of the helicopter for civil use are concerned mainly 
with an alleviation of the penalty that hovering has incurred. 

The hovering requirement had led to the use of twin contra-rotating 
rotors in spite of their greater complexity, to heavy disc loadings with their 
poor gliding performance, to rotors of high pitch which require rapid action 
on the part of the pilot to prevent them from stalling in the event of power 
fiulure, to complicated devices for governing rotor pitch or engine speed 
arising from the need for control simplification, to an excessive forward 
inclination of the aircraft in forward flight, and to periodic blade-tip stalling 
which had imposed a new limitation on top speed. In other words, the 
ability to hover could be bought at the expense of simplicity of control, 
safety, compactness of design, and comfort. 

In the design of the Gjrrodyne an attempt has been made to r^ain some 
of the ground that was losL The propulsive powered-rotor and the auto- 
rotative rotor represent two extreme forms of rotary-wing aircraft, and the 
relatively non-propulsive rotor of the Gyrodyne avoids certain limitations 
of the two extremes. The possibilities of the G5rrodyne principle were 
discussed as long ago as 1940 (Ref. 1) and a description of the present machine 
was given in a recent lecture to the Helicopter Association (Ref. 2). 
It is proposed this afternoon, therefore, to mention only those particular 
features of the G3rrodyne which have a bearing on the problems discussed 
at the Morning Session. 

Compactness of Design. 

In several respects the Gyrodyne configuration was the forenmner of 
the form of helicopter developed to a practical stage by Igor Sikorsky. 
Both utilise a single lifting rotor in torque balance with a single non-lifting 
airscrew, both have branch transmission systems of variable power distribu- 
tion, and both obtain direct control in yaw from foot pedals, which vary the 
collective pitch of the non-lifting airscrew. The manner of operation of 
the two is therefore much the same, the main difference being one of degree 
only, in regard to control response. The Gyrodyne, due to its compactness 
of design, would be the more manoeuvrable but for the stabilising surfaces 
at the tail. 

Where the two differ in principle is in the azimuth location of the 
non-lifting airscrew and in its distance from the rotor axis. Taking into 
account the many uses for helicopters, it is thought that forward flight will 
occupy about 95% of the total life of the aircraft. An even higher percen- 
tage might apply to helicopters used only for transport. Consequently, if 
the non-lifting airscrew is located laterally, as in the Gyrodyne, the power 
required for torque balance is utilised for the useful purpose of forward 
propulsion throughout practically the whole of the normal operating life. 
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On the other hand, with the non-lifting airscrew located at the tail, the power 
applied to it is a total loss under all normal operating conditions. To keep 
this loss at a minimum, the tail location requires a sacrifice of compactness, 
and this in general results in extra structural weight. There is no such 
requirement for the G3rrodyne. 

Low Rotor Power. 

The inevitable decrease in power loading of the propeller in forward 
flight decreases the proportion of power deUvered to the rotor as the forward 
speed increases. As a result, the main transmission of the Gyrodyne need 
be fully loaded only during the take-off and landing, thereby ensuring a 
high margin of safety at cruising speed, the normal condition of flight of a 
transport helicopter. 

There are, of course, many uses for the helicopter where forward speed 
is unimportant and where the main requirement is to lift the maximum load 
that the available power will allow. For such duties, the non-lifting airscrew 
of the Gyrodyne might be moved farther outboard, but this need not be 
overdone at the sacrifice of compactness, because the Gyrodyne rotor can 
have a low disc loading and thereby lift the same load for less power than a 
rotor of high disc loaduig. 

The relationship between the power (x) in the branch transmission of 
the non-lifting airscrew, per unit total power in both transmissions, and the 
distance (a) of the non-lifting airscrew from the rotor axis, expressed as a 
fraction of the radius of the rotor, is simply x(l + 6a) = 1, assuming a 
tip speed of 660 ft./sec. and a power loading of 5 for the non-lifting air- 
screw. If a is about one-third, as in the G3rrodyne, x is also about 
one-third, or, in other words, two-thirds of the nett power available, after 
allowing for engine cooling and transmission losses, is applied to the rotor. 

In spite of the saving in structural weight due to compactness of design 
and to the lower power requirement for the main transmission, and in spite 
of the low disc loading and better weight-lifting performance of the Gyrodyne 
rotor, it may be thought that too much power is applied to the propeller in 
vertical flight. This power, however, can be considered as a reserve, and 
vertical clunb can be boosted temporarily whenever necessary by the 
relatively simple expedient of performing axial turns. 

Except at air displays, a helicopter need hardly ever climb vertically 
out of the " ground cushion." It is a much safer procedure to climb at the 
forward speed requiring minimum power and a steep angle of ascent at this 
speed is of greater importaqce in practice than a hij^ rate of vertical climb. 
For take-off at altitude, a strong " ground cushion '' is an advantage and 
this is assured by the low disc loading of the G3rrodyne. 

Low Disc Loading. 

Unrestricted by rotor blade clearance problems, the Gyrodyne has a 
lower disc loading than is possible with most other forms of helicopter. This 
gives the Gyrodyne certain advantages in both power-on and power-off 
fli^t. As the extreme limit of power loading of a rotor is c^ual to the 
reciprocal of the induced velocity, and the induced loss at take-off is roughly 
twice the profile loss, the limiting power loading of the helicopter is almost 
inversely proportional to the square root of the disc loading. Thus, if the 
disc loading of the Gyrodyne is 20% less thim that of other helico^(«c^ ^ 
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equal gross weight, the Gyrodyne rotor can lift the same load for 10% less 
power. This factor is mainly responsible for the low rotor power required 
in the Gyrodyne, the load sustained per rotor h.p. probably exceeding that 
of any odier helicopter. 

A similar advantage is obtained in power-off flight. The low disc 
loading minimises the sinking speed in a glide and ensures the safety of the 
occupants in an emergency landing. Even at night, or in a forced landing 
due to fog, a helicopter of low disc loading could descend and land almost 
vertically without disastrous results. The use of pitch change for utilising 
the kinetic energy of the rotor for momentary hovering prior to a power-off 
landing should be considered as an additional safety measure in helicopters, 
rather than a necessary manoeuvre upon the precision of which alone the 
safety of the aircraft depends. 

There is a general impression that a low disc loading, like a low wing 
loading for aeroplanes, is detrimental to efficiency at cruising speed. This 
is not necessarily so because it is not disc loading, but blade loading, that 
governs the profile power loss. The blade loading, being the ratio of the 
disc loading to the solidity, can be kept relatively high by choosing a low 
solidity. In the G3rrodyne, the solidity is only 1% per blade and the blade 
loading is 75. The high blade loading ensures a low profile power loss at 
top speed, and the low disc loading a low. induced power loss when hovering. 

Low Pitch. 

There is no doubt that low disc loading and low rotor pitch contributed 
to the remarkable record of safety achieved by rotary-wing aircraft in the 
pre-helicopter era. In contrast to most other helicopters, a result of the 
low-pitch operation of the Gyrodyne is that it can not be stalled imder any 
condition of flight by a possible misuse of the controls. 

Apart from safety, low pitch has other advantages, not the least of which 
is its effectiveness in minimising vibration — ^the " bugaboo " of rotary-wing 
aircraft. Helicopters which are rough in operation at high pitch in forward 
flight are usually quite smooth at the same forward speed in autorotative 
flight. 

The necessary rotor power for sustentation is absorbed in the Gyrodyne 
by its relatively high tip speed and, because the tip-path plane is never 
tilted excessively forward for propulsion, the rotor remains at low pitch 
over the whole speed range. 

Independent Propulsion. 

A significant feature of the Gyrodyne is its independent means of 
propulsion. It enables both the fuselage and the tip path plane to remain 
substantially level under cruising conditions. This attitude is not only the 
optimum one in regard to drag and passenger comfort, but removes what 
had become an important barrier to the propulsion of helicopters. Periodic 
Uft distribution in autorotative rotors had resulted in stalling of a pan of 
the retreating blade near the root, but, in the helicopter with a forwardly- 
inclined rotor, periodic stalling can occur at the blade tip. This is due to 
the relative air speed having a down-flow component. Operation of the 
helicopter close to the periodic stall of the retreating blade is limited by 
vibration. No matter how much power is available, therefore, it cannot be 
utilised for propulsion beyond the periodic tip-stall barrier. 

The international speed record for helicopters, now held by the Gyro- 
dynCy can undoubtedly be exceeded in future by helicopters with propulsive 
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rotors, but, as highcr-powcrcd hdioiptcTs become available, the feature of 
independent propulsion as demonstrated in the Gyrodyne will become more 
and more essential. There are many sources of vibration inherent in 
rotary-wing aircraft but the periodic blade-tip stall is one which can be 
avoided and should not now prevent a fiirthcr improvement in the helicopter 
speed range. Continuity of operation under adverse vrind conditions is just 
as important for transpon helicopters as for aeroplanes and can be ensured 
only by the ability to maintain a high cruising speed. 

CONTSOL SiMPUnCATION. 

The simplicity of control of rotary-wing aircraft has deteriorated with 
the change-over &om the autorotative rotor lo the powered rotor. The 
number of controls has been increased &om two to four, and the cvcr-preseni 
necessity for torque balance and pitch-thronlc synchronisation requires that 
the four controls be operated simultaneously. The interdependence of so 
many controls, requiring continuous manual adjustment by the pilot, is a 
further penalty that has been paid for the ability to hover. 

In the Gyrodyne an attempt has been made to minimise this penalty 
by the suppression of one control. There are no flight controls other than 
stick, throttle and rudder pedals, collertivc pitch change being effected 
automatically. The required automatic change in blade angle is associated 
with the angular displacement of the blade in azimuth in response to torque, 
by giving the drag hinge a slight downward and outward inclination. Thus, 
there is an immediate increase in manifold pressure whenever the throttle 
is opened without there being any appreciable change in angular speed. In 
addition to the automatic change of collective pitch, an over-riding control, 
mainly for trim purposes at altitude, has been designed but is not yet installed. 
It is proposed to utilise this also for momentary hovering prior to a power-ofif 
landing. The over-riding device operates additional blade hinges which 
are locked in normal flight. 

A further penalty in the helicopter has been the introduction of blade 
torsional bearings for both colleaivc and cyclic control of pitch. In the 
Gyrodyne such bearings arc eliminated entirely, and instead of a separate 
swash-pJate for transmittit^ control movements from the stick to each 



individaal blade through ihe necessary leveis and bearings, the rotor head 
itself fonns the swash-plate. 

This does not mean that the hub axis is tilted as was the usual practice 
with autorotadve rotors. Instead, the hub axis, i.e., the axis of the main 
bearings, remains fixed, and the rotor head — the hub member to which the 
blades are attached — is tilted with respect to the hub axis. Consequently, 
in forward flight a forward inclination of the head balances the backward 
inclination of the tip-path plane that results from the usual flapping motion 
of the blades. The tip-path plane, therefore, remains substantially at right 
angles to the hub axis in all conditions of steady flight, which is important 
for minimising vibration. 

Safety Measures. 

Stick shake is completely eliminated by the use of hydraulic irreversi- 
bility. Except during the first few hours of flight, the steady loads also have 
been suppressed hydraulically, but it is now considered more desirable to 
retain the steady loads, which provide a natural feel, and to use hydraulic 
irreversibility only for suppressing stick shake and as a precaudon against 
misuse of the control. A sudden backward movement of the stick in flight, 
for example, can impose on helicopters loads in excess of their design criteria. 

A similar possibility exists in helicopters on initial engagement of the 
clutch and, in the Gyrodyne, to ensure that the rotor blades can not be 
damaged by a sudden angular accelerarion, an electrically-operated actuator 
is provided for controlling the rate of clutch engagement, thus li mi ring the 
maximum starring torque. It is thought that a torque-limiting device 
should be an essential ainvorthiness requirement for helicopters. 
Transmission Features. 
The installation of the 
power plant and trans- 
mission consists of four 
self-contained units : the 
Alvis engine with its 
mounung and cooling 
system; the main gearbox 
incx>rporating the clutch 
and freewheel in addidon 
to the first stage reduction 
gears for the rotor and 
propeUer drives ; the top 
gear box, housing a 
double epicyclic gear, 
with a rotor brake moun- 
ted above it ; and, at the 
outer extremity of the 
starboard wing, a gear 
box carrying the pro- 
peller reduction and 
pitch-changing gear. 
The propeller is posi- 
tively geared to the 
engine and not to the 
rotor. 
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Freedom from FLimiR and Fatigue. 

The rotor blades are of accentuattd 
flexibility in bending, but rigid in torsioa. 
On no occasion has there been any sign 
of fluner, although a Mach number of 
0.8 has been excMded at the advandng 
blade tip. The blades have been manu- 
ftoured to dose tolerances in a )ig and, 
with this object in view, they have been 
given no taper or twist. A stiff profile 
is maintained by wooden ribs and a ply- 
wood covering, a steel tubular spar being 
the main strength member. This it 
circular in section at the toot end, but 
over the greater part of its length it is of 
oval section. A root collar integral with 
the spar — a See6ib development — 
enables the blade to be attached to the 
root fitting without stress concentration 
due to perforation of the tube. Drilling 
of the spar is avoided also at the rib 
cUps which are attached fricdooally over 
the main pordon of the blade. 
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Strain gauge tests have been conducted in flight, and the steady and 
alternating stresses determined at four different stations along the blade. 
Specimen lengths of the spar, loaded to a greater stress than the atrresponding 
parts of the blade in flight, have been placed in a btigue-testing machine 
and subjected to alternating stresses several times greater than the highest 
recorded in flight. The spar has thus been proved to have an unlimited life. 

Fuselage Stabilisation. 

Although the present fuselage is of steel-tube construction, a metal 
monocoque is being provided for production The front portion is long 
enough to take a full-size stretcher, and as the tail portion is relatively sbon, 
side fins are required for directional stabiUty. 

No attempt has been made so far to provide dynamic stability at zero 
forward speed. The necessity for automatic stabilisation of helicopters in 
the hovering condition depends upon whether the aircraft will be required 
to hover for long periods. As the Gyrodyne is designed primarily as a 
transport aircraft, its normal condition of flight is at cruising speed. It is, 
therefore, under cruisii^ conditions that stability is important and for this 
purpose a tail-plane is provided in addition to the side fii^. The stub wings, 
which fotm firing surfaces for the structure supporting the propeller and 
the main legs of the tricycle undercarriage, have a stabilising effect in roll — 
a manoeuvre in which rotary-wing aircraft tend to be too sensitive, compared 
with aeroplanes, owing to the absence of fixed wit^. 
SpEcinc Utiusation. 

In any field of transport, no one device has a monopoly of all functions. 
Each type is a solution of a particular transportation problem. The advent 
of the helicopter, for example, does not put an end to the aeroplance, but 
confines its operation to uses for which it is better adapted. So also every 
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fbnn of helicopter has its own spcd&c sphere of usefulness, and the obvious 
one for the Gyrodyne is wherever a high cruising speed is essential, or 
continuity of operation is required under advene wind conditions. Tlus, 
the Gyroidyne is best adapted for making long non-stop journeys, such as 
fix>m dty centre to city centre, rather than as a feeder line transpon for 
operating only between a dty centre and its adjoining airport. 

If the ability to hover has been combined eficcdvdy with the ability to 
maintain a high cruising speed, without there being an appreciable deputure 
from the low disc-loading and low-pitch advantages of the autorotative 
rotor, the Gyrodyne has achieved its purpose and would appear to fulfil the 
gowral requirements of a hehcopter intended for dvil use. 
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THE CHAHUViAN. 

The second paper this afternoon is to be presented by Mr. R. Hafner 
and deals with some aspects of the Bristol Type 171 Helicopter. Mr. 
Hafner was educated at the Technical College in Vienna and has been solely 
engaged on rotary wing development for more than twenty years, having 
produced his first helicopter design in 1927. He came to England in the 
early 30's and continued with helicopter development and then turned his 
attention to the design and construction of a gyroplane which was known as 
the A.R.3 and whi(£ aircraft proved to be very efficient and pleasant to fly. 

During the early part of the late war, he collaborated with Dr. Bennett 
on various rotary wing projects imder the M.A.P., and joined the Bristol 
Aeiophme Co., as Chief Designer of the Helicopter Division in 1944 in which 
aqpadty he is entirely responsible for the design of the Bristol 171. I can 
spieak at first hand of the excellent qualities of this aircraft having been 
piivil^ed to carry out the first few hours of the prototype flying. I now 
ask Mr. Hafiier to present his paper. 



The Bristol 171 Helicopter 

By RAOUL HAFNER 

The technical problems confix)nting the helicopter designer are very 
clearly enumerated in Captain Liptrot's paper, and Wing Commander Brie 
has drawn attention to a number of considerations of importance to the 
operator. 

With some of these problems I have dealt in an earlier paper<^>, and in 
order to avoid repetition I propose to leave out from this d^cussion points 
which have already been raised. 

Vibration. 

Rotating-wing aircraft in forward flight are subjea to vibrations for 
reasons whidi are fundamental and we must not therefore expect the elimina- 
tion of these symptoms but only their reduction to generally tolerable 
proportions. We need, therefore, more accurate methods of recording and 
analysing vibrations in helicopters in terms of component frequencies 
and amplitudes, and in addition we must have generally agreed standards 
for comfort, ue.y limiting vibration levels as a yardstick both to makers and 
users of these aircraft. 

As to the causes of rotor vibrations there is in the first instance a change 
of velocity with blade azimuth the maximum being at the advancing and the 
tnininnifn at the retreating side of the rotor orbit, and secondly a change of 
inflow angle with blade azimuth due to the coning of the rotor blade and the 
curvature of the airflow in the vicinity of the rotor, the maximum being aft 
and the minimum forward of the rotor centre. Therefore, in order to 
n ^intnin a constant rotor thrust (or constant blade lift) during rotation, which 
is one of the essentials for freedom from vibration, the blade incidence must 
be varied in a cyclic manner. Because the fiictors governing blade feathering 
are complex, the feathering motion cannot be expressed mathematically in 
a simple form but only by an infinite Fourier series.'* TyQicaL M^!i^t& ^^ 
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the Fourier coefficients Aq, Au Bu A^ and B^ for a conventional rotor are 
given in Figure 1 as a function of the tip speed ratio /a. Ao represents the 
constant part of the blade incidence which can be obtained by the collective 
pitdi control. A \ and B\ relate to the fundamental harmonic of the feathering 
motion which can be produced by a simple tilt of the control orbit with 
respect to the rotor orbit The conventional swash plate or spider control 

or the tilting of the hub 
in an articulated rotor 
will produce this effect. 
The coefficients A^ and 
Bg relate to the second 
harmonic of feathering 
motion. For small tip 
speed ratios these co- 
^dents (and those of 
the higher harmonics) 
are negligible so that 
the conventional rotor 
control which can pro- 
vide a simple sinusoidal 
incidence variation 
during rotation, does 
satisfy to a fiur d^ree 
the theoretical require- 
ments. However, at 
larger tip speed ratios, 
the higner harmonics, 
which cannot be 
produced by the 
conventional control 
mechanisms, become 
predominant compo- 
nents. Thus at hi^ier 
translational speeds the 
blade lift cannot be held 
constant any longer 
during rotation and 
vibration arises. 

One can, of course, think of mechanisms which are capable of producing 
cyclic movements of a more complex form including the higher harmonics 
referred to above. The mechaniod elaboration involved in any such scheme 
is, however, considerable and in my opinion prohibitive and I regard therefore 
as a practiod limit for conditions of rotating wing flight the tip speed ratio 
IJLHm where higher harmonics just become noticeable. 

The question arises thus. Can the Fourier coefficients be controlled 
by suitable design parameters and other means, with a view to suppressing 

*BUide pitch = $ = A^ — i^icos^ — AxCO^Zj, 

— Bi sin ^ — Bs sin 2(/^ + higher terms in ^ 

A list of diose .symbols not defined in the text will be found at the end of the 
paper. 
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Fourier coefficients of feathering motion for 
conventional helicopter rotor in level flight. 
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the higher harmonics over as wide a range of /a as possible ? As akeady 
mentioned non-linearity and indeed discontinuities in the functions governing 
blade feathering are the principle causes for the higher terms, which I propose 
to discuss briefly. 

The following assumptions are made : — 

1. The resultant of the blade lift is acting at approx. } R. 

2. The blade must be substantially free from stall outboard of this point. 
If the mean lift coefficient during hovering (Ref. 2) is 

Blade Lift 

Jo 
then the lift coefficient in translational flight can be shown to be 

where P ^ \ I + (jilr) sm^ }-2 

and T = r/R 
P reaches a maximum when the blade is retreating, ue.^ (taking r = }) 

J^(^-27Cr) = Pmax, = |1 — Im}"^ 

and a h'miting condition is therefore obtained when 

Cl = Ci^banc {1 — Im}"^ = Climax. 



'■— >('-^t^) 



or 

A high tip-speed ratio can therefore be obtained only where the blade is 
flying at a low basic lift coefficient widi an aerofoil capable of producing a 

The above expression can be written in another form, viz. : 

where Vum oi) = limiting translational speed (/a um^ 

Vt = Ria = blade tip speed 

VTmm. = the minimum blade tip speed when Cl^mc = Cl mm. 
Vumoo fo' the rotor of the Bristol Helicopter 171 Mark 3 is given in Figure 2 
for various altitudes. In the same graph is similarly shown a high speed 
limitation K|te.^M) which represents the critical Madi No. for the airfoil 
near the blade tip. An airfoil with a low t/c ratio (below 10%) is obviously 
desirable in this region, in order to delay shock stalL 

The area within the limits shown in Figure 2 can be utilized by the 
flight envdope of the rotor, which is, of course, subject to such additional 
limitations as may be determined by strength considerations or operating 
conditions of the power unit, etc. The rotor flight envelope is defined in 
the coclqpit by a very wide r.p.m. range for landing purposes which applies 
to speeds below 35 m.p.h., a smaller normal r.p.m. range i^licable up to 
the speeds indicated on a special scale on the altimeter, and a narrow r.p jn. 
applicable up to the maximum speed and for flight manoeuvres involving 
hi^ normal accelerations. 

AmocUHom 1/ GL BHUdn. 
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The above considerations relate to blade lift. There is in addition the 
problem of maintaining constant the force acting on the blade in the plane 
of rotation. This force is made up by the profile drag of the blade and a 
small component of the lift vector due to the airflow through the rotor. 

llie profile drag of the airfoils of the type used in rotor blades can be 
expressed by a single curve giving Ep Cl max. I Cb mm. as a function of 
Cl/Cl max. where Ep = (profile drag)/(lift) and which is shown in Figure 3. 
Thus as Cl varies with i/' as the expression 

Cl= Ci^basic lH-t/isin^}-2 
there will be accordingly a variation of profile drag during revolution. In 
the upper part of Figure 3 are given as a function of // the mflTin^rf and 
minima of P. From this can be obtained with ^e aid of the straight lines 
Cl bask I Cl max. the range Cl / Cl max. covered during revolution whidi 
in turn indicates the variation of Ep. 

This figure dearly shows the following significant features 
1* Pmax. increases very rapidly with fi wlulst P^n, decreases only moder- 

atdy. 

2. A very low "' basic " lift coefiident will produce excessive drag at the 
advancing blade {Pmin.) and a high Ci^tane excessive drag at the 
retreating blade {Pmax.)' In view of the statement under (1) the latter 
is more Ukdy to arise and therefore it is generally safer to fly at a low 

Cl franc* 

3. A low Cd mifi. / ^L max. is beuefidal all round. 

The component of lift in the plane of rotation Dl is dependent (Ref. 1) 
on the inflow angle v„ / Vgff,y where v„ is the component of vdodty normal 
to the plane instantaneously containing the rotor blade ; and v^, is the 
component, in the plane instantaneously containing the blade, and perpendi- 
cular to the longitudinal axis of the blade. 

Dl = (Bladelift). Vn/v^, 

I 1 + t/isin^ 

where f^ X and i are the ratios between blade tip speed and forward speed, 
axial speed and induced speed at the rotor respectively. 

(; is a fiurtor related to the curvature of the induced flow at the rotor. 

^0 is the coning angle of the rotor 

L is the blade lift, 
and T has been taken to be f 
The above expression can be written as a series as follows : 

Di. = L i|(X+0(l+8/*V9) + (4fi)3o/3+fO(l+8^V9)cos^ 
— V (^ + 0/^ sin ^ + higher terms in \l/ ] 
In this only the first term is constant, the others change with ^ and thus 
represent varying forces. It is therefore desirable that the coeffidents 
preceeding cos ^ and sin ^ be kept as small as possible, /bi, \ and t can 
be reduced by increasing tip speed. A moreover can be reduced by reducing 
the parasitic drag of the whole aircraft. Apart from such minor variations 
however A in the pure helicopter is essentially an expression of flight 
condition of the aircraft, being necessarily larger in a climb than in a levd 
flight. In an auto-rotating rotor A is always negative. C cannot be 
controlled materially by design. 



In order to illustrate the above aigumcnts the drag of a rotor blade of 

ihe Biistol Type 171 is now analysed on the basis of the above fiwrnulse. 

Conditions of flight : 

Steady level flight at sea level. 

Forward speed = 136 m.p.h. ^ 200 ft. per second. 

Rotor spttd = 260 r.p.m. = 670 ft. per second. 

ji = 0.30. X = 0.20. i ^ 0.0043. A. = 0-065. i = OA 

CLfciac/CL™,. = 0J7/1.30 = 0.285. 

Cl™./Cd_,,. = 180. 

In Figure 4 the various components of blade drag arc plotted as i 

function of ^ and it is shown how by a suitable choice of des^ parametcn 

the drag variation due to inflow conditions (A -f i) can be counteracted 1^ 

profile drag (E^. Where the latter is a maTimnni the former readies a 

minimum and vice versa. This has been achieved by the use of a low 

"basic" lift coefficient giving anEp-curvevaiiationiiithefbrmofapositive 
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sine curve. On the other hand had the '" basic " lift coefficient been high 
then the £p - curve would have taken the shape of a negative sine curve 
thereby amplifying the variation caused by (X + 1). A low " basic " lift 
coefficient moreover represents a safety margin against stalling in accelerated 
ffight conditions. 

It will be seen therefore that variation of blade drag is mainly caused by 
blade coning. This variation even with the exceptionally small coning angle 
of the Bristol 171 rotor represents more than 50% of the total mean drag 
which illustrates the importance of this design parameter. Under cruising 
conditions this drag variation is much more serious than the variation ia 
blade lift referred to earlier. 



The drag of all blades add up vectorially to the total rotor force in the 
plane of rotation. Thus the more blades in a rotor the steadier will be this 
rorce so that the 3-bladed rotor from the vibration point of view is very mudi 
better than the 2-bladed rotor which, as already mentioned earlier (Ref. 1) 
is only justified in the very small sizes. I have indicated too my preference 
for individual blade articulations over a flexibly moimted rotor (except for 
small sizes) as well as certain features in blade design such as careful distribu- 
tion of blade mass radially as well as chordwise and a high torsional stiffiiess. 
Hie ideal blade tapers from root to tip in thickness and plan form, and is 
of metal monocoque construction. 

Controls. 

There is dearly a need for simplification of controls. More simplifica- 
tion in engineering generally means more efficiency and more safety. This 
argument, however, does not apply to the number of flying controls in the 
cockpit which is determined only by the degree of freedom of movement 
of the aircraft (Ref. 1). I am of the opinion that the conventional arrange- 
ment consisting of yawing control, rolling and pitching (or azimuth) control 
and vertical (or collective pitch) control together with die rotor speed control 
represents an absolute minimum. There is, however, ample opportunity 
for simplification in the mechanism of the control circuits and this has been 
made a fundamental feature in the design of the Bristol Helicopter. It is 
noteworthy that the rotor control mechanism of this aircraft (commencing at 
the 3 blade levers and terminating at the dual azimuth and collective pitch 
control levers) consists of only 27 moving parts. The use of the tie rod in 
this helicopter is now well known and needs no further comment. 

The design of cockpit controk is at present handicapped by the lack of 
agreement on control layout for helicopters. Standardization of cockpit 
controls is an urgent need. 

Stability. 

I propose to make to-day only a few general observations on this subjea. 
The stability of present day helicopters is far from satis&ctory and ** the " 
solution of the problem which must be simple as well as adequate does not 
appear to be aroimd the comer yet. 

There are two distinct types of stability, distinct from the theoretical 
as well as the pilot's point of view. 

Stability in forward flight. 

In this respect the helicopter does not differ materially from the fixed 
wing aircraft. Most of the flying time is accumulated in forward flight and 
therefore positive stability in this condition will prevent pilot's fiitigue 
and therefore increase safety. 

Hovering Stability. 

The hovering stability is based on different principles and is more 

difficult to obtain than stability in translational flight. As hovering flight 

is carried out in circumstances when concentration on the part of the pilot 

is needed in any case because of the proximity of the groimd or the need to 

reaudn in a given attitude with relation to a nxed point, and die time spent 
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in this condition is compaiatiydy short, there would not seem to be the same 
need for positive hovering stability as for positive forward flight staUlinr. 
If the latter is fully achieved whilst in hovering the aircraft is not imduly 
unstable, in my opinion a good advance is made on the way towards the ideal. 

The Bristol Type 171 shows in forward flight a fair measure of positive 
stability in pitch, yaw and roll and has been flown in gusty air for extended 
periods without touching of any controk. Minor displacements are damped 
out and only severe gusts require corrective action on the part of the pilot. 
This has been achieved mainly by a fuselage canying a small tailplane 
outside the rotor disc and a rotor with a large moment of inertia providing 
damping in pitching motion. 

Safety. 

Apart from structural and mechanical safety an important safety 
criterion is the emergency landing in the event of power fidlure. Whilst the 
rotative wing is reputed to offer a high measure of safety in auto-rotative 
descents, recent reports have drawn attention to so called " danger zones '' 
firom which an auto-rotative landing could not be made without damage to 
the helicopter. The vertical velocity of a conventional helicopter during 
auto-rotative descent, especially at low forward speeds, is too great to be 
absorbed by the imdercarriage and must therefore be checked prior to 
landing by momentary increase of rotor lift which involves a certain amount 
of energy. In the absence of engine power such energy is available in the 
form of kinetic energy from the horizontal velocity component of the aircraft 
as well as firom the rotational velocity (useful r.p.m. range) of the rotor. 
When these two sources of kinetic energy are insufficient to provide the 
required check then damage will result on landing. In order to eliminate 
this hazard, the rotor of the Bristol Helicopter has ^diberately been designed 
to give a high rotational moment of inertia in conjimction with an imusually 
wide r.p.m. range. The kinetic energy which is stored in this rotor at 
maximum permissible rotor speed is 680,000 lb. ft. which represents an 
amoimt of work equivalent to about four seconds hovering in the groimd 
cushion at full load. Many landings have already been made with this 
aircraft with its engine switdhed off, whidb have indicated an ample supply 
of kinetic energy during the landing manoeuvre. 

Auto-observer records of such a landing are reproduced in Fig. 5. 

The steady conditions during the auto-rotative descent prior to the landing 

manoeuvre appear to be as follows : — 
Rate of descent . . 1,600 ft./min. Engine Speed . . Idling 

I.A.S 35m.p.h. Collective Pitch degrees 

Rotor Speed 270r.p.m. All-up Weight 4,7401b. 

At about forty feet from the groimd the collective pitch is increased 
slighdy and the engine switched off This results after about two seconds 
in a checking of the descent at a height of approximately eight feet, and a 
reduction of forward speed by some five miles per hour. During the follow- 
ing ten seconds the aircraft sinks slowly until, at first the tail slad, and then 
the wheek touch down. During this period the collective pitch is steadily 
increased to 11% the rotor speed drops to 160 r.p.m. and the forward speed 
down to walking pace. Apart firom an aft movement of the control column 
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at touch down, all cootrob 
remain substantially 
stationary. This serves to 
show that with sufficient 
kinetic energy and good 
control, an engine - off 
landing can be made in 
safety and comfort, even 
with a heavy helio^yter. 



Fig. 5. 

Auto-observer records of 

typical auto-rotating iiiHtt^ 

of Bristol Helicopter Type 

117. 



Capital and Maintenance Costs. 

One of the main arguments against the helicopter is that it is expensive 
to buy and an excessive amount of time and money is spent on its maintenance. 

The helicopter of to-day is expensive to buy not for reasons peculiar to 
this type of aircraft but simply because the market to-day does not justify 
production on a large scale, without which a material reduction of price 
cannot be achieved. 

Maintenance costs can be reduced if the following design principles 
are adhered to : — 

1. Mechanical simphcity and economy in the niunber of moving parts. 

2. Fatigue resistance and high life factors in parts subject to cydic forces 
and to wear. 

3. Accessibility. 

4. Interchangeability. 

Figure 6 shows the entire mechanical assembly of the Bristol 171 
helicopter which comprises the power unit with dutch, cooling fim, and 
cowlings, the main rotor gearbox and hub carrying the main rotor blades, 
the tail rotor gearbox and hub carrying the tail rotor blades and transmission 
shafts between these units and in addition the rotor controls. The extreme 
simplidty of this layout is evident. 
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It has been possible to design all wearing pans for a life of 7,500 bouis 
without great sacrifice in weight. This feature apart fttim beneficially 
a&cdng the safety of the aircraft will it is hoped eventually permit the 
periods between overhauls to be incrrased to 1,000 hours or more, (excepting 
the power unit) which not only simphfies maintenance but ensures that the 
adjustment of wearing parts is left undisturbed over long periods which 
allows these parts to run-in under ideal conditions. 

Fatigue is one of the topics in aircraft ei^aeering. There is no royal 
road to endurance and a long and generally arduous test and development 
programme with the proverbial " exploring of every avenue and leaving no 
stone unturned " which involves a great amount of test equipment and cost 
is the only real safeguard against fatigue failures. Special testing equipment 
which has been devdoped in conjunction with the Type 171 has been 
discussed in an eatiier paper (Ref. 1). 

The principle of interchangeability is, of course, apphed generally. 
We hoped originaUy to build individually interchangeable rotor blades which 

Fio. 7. The Bristol 171 Helicopier in flight. 




were to be balanced djmamically as well as aeiodjmamically against a master 
blade, but experience to date has indicated that blades can be assembkd 
satisfactorily only in rotor sets. This does not, however, in the event of 
damage to one blade in a rotor, imply the scrapping of the remaining good 
blades which can be " paired " widi others to make up new rotors. 



My acknowledgements are due to the Ministry of Supply and The Bristol 
Aeroplane Co., for permitting the publication of information relating to the Bristol 
Helicopters Types 171. 
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Symbols. 

V = Forward velocity of helicopter. 

(o = Rotor angular velocity. 

r = Radial distance of blade section, measured 

from hub. 
R = Rotor tip radius. 

fi = Tip speed ratio = K/«/i. 

i/r = Blade azimuth angle measured in direction of 

rotation from downwind position of blade. 
Po = Rotor coning angle. 

P = Air density. 

Climax. = Maximum lift coefficient of blade before 

stalling. 
Cb nan. = Minimum profile drag coefficient of blade. 



THE CHAIRMAN. 

The last paper this afternoon is to be read by Mr. J. S. Shapiro, and is 
a description of the Cierva helicopter Type W.ll, popularly known as the 
*' Air-Horse." Mr. Shapiro is a graduate in Mechanical Engineering of 
the Swiss Polytechnic and an A.F.R.Ae.S. and had varied experience in the 
design of ancillary aircraft equipment in France before coming to this 
coimtry in 1940. He was then for a time with Power Jets Ltd., after which 
he had ftirther experience on design of aircraft instruments and power 
assisted aircraft controls. In 1943 he joined the Cierva Autogiro Company 
and is now Senior Technical Officer to that firm. 

Unlike the other two aircraft you will have heard described to-day, the 
Cierva W.ll has not yet flown, but has done a good deal of preliininary 
groimd running and it is hoped that it will take the air in the very near 
ftiture. I will now ask Mr. Shapiro to read his paper. 
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The Cierva "Air Horse' 



By I. S. SHAPIRO, dipl. inc., a.f.r.ac^. 



As my contribudon to this afternoon's proceedings, it is my task to 
give you a brief aconmt of the Qerva " Air Hone." This machine has the 
distinction of being the world's largest helicopter undergoing flight testing. 

Following the recent S.BJ^.C. exhibition at Famborough, I have heard 
many kind and unkind expressions of exptn and iaexpert opinion, but the 
lowest common denominator seems to be that it is an " astounding contrap- 
tion." Faced with this challenge, my purpose this afternoon is somewhat 
qmlogetic, namely, to show that it is ncitlKr astounding nor a contraption. 
In fact, we, in the Cierva Autogiro Con^wny, have persuaded ourselves that 
God dccTMd three rotor helicopters. All others are merely attempts by 
men to cheat His divine laws. 

The " Air Horse " design arose primarily as an answer to the demand 
for large loads. It was realized that difficulties in helicopter construction, 
increased in proportion to rotor diameter and nothing was therefore more 
natural than to mcrcase the number of rotois. 

It is not surprising, however, that three rotors were chosen. A body 
in space is determined by the position of three of its points provided these 
are not in tine. The three rotor concepticMi is therefore natural and as such 



on be traced back to eaily origins. 
Fig. 2 shows a patent diawing 
ftx)in a specification of Florine 
(1921) which covers the torque 
conq>ensation by rotor tilt in a 
co-rotating multi-rotor helicopter. 
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Wli Principal Data. 

All Up Weight 17.500 LB 

Emptx Weight (Freight Carriw) II.870LB 

Rotors 

Number 

Diameter 

Number Of Bladcs Per Rotor 

hiOHiNAL Solidity 

Nominal Twist 

NOMmAL Taplr 

Blade Profile 



3 

47 FT 
3 

0O59B 
11*45' 
25B4:» 
N.ACA.250I5 



NOMINAL RP.M. 219-5 

Engine . 

I Rolls-Royce -Merlin- Mk Z4 
Supercharger Single Stage Two Speed 

GtAR Ratios 0-15*1 amo 9-49*I 



Distinguishing 
Features. 

Time does not 
pennit me to dwell 
upon the logical 
development of the 
extensive design 
investigations which 
gradiuliy led to the 
specific features of this 
machine as it has finally 
emerged. These dis- 
tinguishing features, in 
combination, render a 
novel conception. 
Contrary to Florine's 
proposals, the ''Air 
Horse " rotors have 
freely flapping blades, 
but in common with 
FlORiNE's ideas, the 
rotors rotate in the 
same direction and 
torque reaction is 
counteraaed by hori- 
zontal thrust compon- 
ents. These are 
obtained through a 
built-in tilt of the 
rotors mainly in the 
lateral sense. 

This machine is 
further charaaerized 
by a single rotor being 
placed forward, in the 
normal direction of 
flight, with the remain- 
ing two rotors, in side by side formation, behind. It is controlled about its 
pitching and rolling axes by means of lift couples obtained through 
differential application of collective pitch to the three rotors in an obvious 
manner. For the purpose of control about the yawing axis cydic pitch 
variation in the fore and aft phase is applied differentially to the side by side 
rotors. The result of this is a virtual fore and aft tilt of the rotor discs, 
thereby establishing horizontal thrust components with a yawing couple 
between them. 

Finally, the machine is fitted with an imdercarriage having a stroke of 
five feet and is thereby enabled to absorb the shock of very high rates of 
descent. 

Description. 

Of all the design details of this machine, I have to restrict myself 
this afternoon to the essence of the control system. The hub control 
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lism tenninates in the actuicmg sprockets of which the lower, causing 
axial displacement of a hub control spider, varies the collective pitdi of the 
blades, and the upper, by tilting the hub control spider, tn^ioses upoa the 
blades a cyclic pitch variation of fixed azimuth. 

Each collective pitch sprocket of a rotor is connected through m cable 
transmission to one extremity of a stationary spider in the fuselage and each 
of the cyclic pitch sprockets is actuated through a similar transmission t^ 
the displacement of the extremities of another stationary spider. The two 
stationary spiders are the heart of the " control exchange " mechaniam, and 
are shown io Fig. 5 in diagrammatic form. Axial and tilting movements 
of the " exchange " spiders combine to control the actuating sprockos in 
the hub. The pilot's control oigans are linked with the " exchange " 
spiders so as to produce the correct combinations of common and differential 




Fig. 5. 



increments of collective and cyclic pitch control. This linkage is assisted by 
hydraulic jacks supplied by Messrs. Lockheed under the trade name of 
" Servodyne." 

Basic control functions, consist of the followit^. Raising and lowering 
the " collective exchange " spider by means of the pitch lever produces 
common collective pitch change. The pilot's control column communicates 
tilting motion about the pitching and/or rolling axes to the " collective 
exchai^e " spider which causes differential variation of collective pitch 
(and lift) between the rotors. 

Finally, the rudder pedals impose a tilting motion on the " cyclic 
exchange " spider about its rolling axis which causes the tip path planes of 
the two rear rotors to be differentially tilted in the fore and aft sense thereby 
producing a couple between the opposing horizontal thrust components. 
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Development of Controls. 

With controls conneaed as described so hi, the machine is fully 
controllable, but to extend its range of forward speeds and to improve its 
flying qualities further control connections are being gradually introduced 
which are considered in order of importance. 

In forward flight at any appreciable speed it becomes essential to reduce 
or suppress the flapping of the blades. To this end all rotors must receive 
cyclic pitch control in the same sense and roughly of equal magnitude. This 
task is carried out by imposing an axial displacement on the ** cyclic ex- 
change " spider whenever fore and aft movement of the control column 
takes place. The interlinkage is adjusted for suppression of flapping in 
level flight. Nearly complete suppression of flapping is easily performed by 
a linear interlinkage. This interlinkage is made possible by a definite 
relation between stick position and forward speed such that the stick is 
maintained in a position further forward for increased speed. Reference 
will be made later to this feature, which is illustrated in Fig. 6. (Based on 
'* variable dihedral " as explained below). 

Directional trim is provided for use in forward flight by means of 
orientable fins under the control of a trinuner wheel operated by the pilot. 
This serves to avoid holding off the rudder pedals during long stretches of 
level flight. 

The stability charaaeristics of a three rotor helicopter are greatly 
influenced by the amount of ** dihedral " between the rotor discs. Effective 
dihedral is determined not by the mechanical axes but by the virtual axes, 
normal to the plane referred to which no cyclic pitch change takes place. 
It has been found that negative dihedral contributes to dynamic stability in 
hovering whilst ** stick fixed " stability in forward flight requires positive 
dihedral. This conflia can be resolved through the introduction of variable 
dihedral by means of a gradual fore and aft tilt of the ** cyclic exchange " 
spider thereby producing virtual differential tilt between the front rotor, on 
the one hand, and the two rear rotors on the other. Dihedral variation will 
also be interlinked with fore and aft movement of the control column. (Fig. 6). 

It is intended to provide an interlinkage between the common pitch * 
lever and the directional controls so as to ensure yawing equilibrium through- 
out the range of rotor r.p.m. in flight. 

It will be appreciated that whilst most of the specific features of the 
'' Air Horse " are based on well known principles the number of possible 
combinations is very large and the selected combination has been evolved 
through a long process of elimination. 

Claims. 

The '* Air Horse," by virtue of its configuration and distinguishing 
features enjoys many inherent advantages some of which are as follow. 

Control and Stability, The control of the aircraft in roll and pitch is 
extremely powerful in the sense that only a small fraction of available control 
range is required to obtain angular accelerations above those common in 
present-day helicopters. Furthermore, control couples arc nearly " pure " 
and not associated with horizontal forces until the aircraft has actually changed 
its attitude in response to the application of control. Both features are due 
to the fundamental method of multipoint control and cannot be equalled 
in a single rotor helicopter. 
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In the three rotor machine the basic control functions of pitching and 
rolling are produced by increments of lift and not by the lift itself. An 
increment of lift can always be obtained by blade pitch variati<ni even when 
the lift itself is going through zero. It can be said> therefore, that basic 
control functions are operative in three rotor machines under all conditioQS 
of flight, without ex<^tion. 

The direct significance of stability concepts in helicopters is as yet 
uncertain, but in some respects a three rotor (or tandem) helicopter is mrae 
similar to the fixed wing aircraft than the single rotor helicopter. Static 
stability in the *' original " sense is influenced by the horizontal position of 
the centre of gravity relative to the geometric centre of the lifting surfiuxs 
though the vertical C.G. distance has a great de-stabilizing ii^uence in a 
helicopter but not necessarily in fixed wing aircraft. There is> however, oat 
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fundamental difference between the " Air Horse " and a fixed wing aircraft. 
The " stick fixed stability " in the three rotor helicopter depends almost 
entirely on the longitudinal dihedral between the front rotor and the rear 
rotor pair. The two " stabilities," therefore, arc independent. In the 
" Air Horse " both arc positive throughout the speed range. 

^Miha is made negative (conventionally denoting positive stability) 
by placing the centre of gravity forward of the geometric centre of the rotors 



48 



The Journal of the Heiicopttr 



by 8% of the distance between the front rotor and the line joining the rear 
rotors. This amount covers the de-stabilizing influence of interference 
between front and rear rotors in forward flight as well as the de-stabilizing 
effect of the vertical distance between the C.G. of the aircraft and the plane 
of the rotors, the laner being approximately three times as severe as the 
former. It is assumed that the instability of the fuselage body is fully 
balanced by its own tail plane. No other form of helicopter shows any 
promise of attaining negative SAf /Sa over the whole speed range. Usually 
an unstable region exists at low speed. 

Stick fixed stability is achieved by positive dihedral (or variable dihedral 
becoming positive in the upper range of forward speed). This stability is 
illustrated in Fig. 6 giving the position of controls over the speed range in 
level flight. 

Dynamic stability has been investigated mainly in hovering. It is well 
known today that dynamic instability in hovering is mainly caused by the 
existence of a moment 
derivative with r^ard 
to horizontal transi- 
tional motion. In a 
three rotor machine 
having a (virtual) nega- 
tive dUiedral> this de- 
rivative can be 
suppressed and even 
dumges sign. Under 
such conditions dyna- 
mic stability is obtained 
as shown in Fig, 7 
representing graphs of 
the stability parameters 
over the dihedral angle. 
The graphs refer to 
longitudinal motion but 
apply to lateral motion 
as well. I am indebted 
for these graphs to 
Dr. Sissingh who very 
kindly confirmed and 
improved upon our 
own calculations. 

Undercarriage, As 
a consequence of the 
geometry of the three 
rotor helicopter, it is 

possible to provide the undercarriage with relatively large track and 
wheel base without any weight penalty. The importance of this 
feature will be apparent when it is readied that the majority of accidents to 
rotating wing aiix^aft in the past have been due to overturning on the ground 
and could have been avoid^ by increasing the track of the undercarriage. 
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Fig. 7. — Longitudinal stability in hovering flight 
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In the ** Air Horse " the legs are so spaced in relation to the radii of gyration 
of the machine that non-symmetrical landings are only slightly more severe 
than symmetrical landings. 

Layout, The Lay-out of the machine provides unobstructed entry into 
the main load compartment. Further, on single rotor machines, the fore and 
aft limits of the centre of gravity are rigidly prescribed not so much ftt>m the 
point of view of static stability which is, in any case, problematical and 
depends mainly on the vertical position of C.G. but from the point of view 
of control range. In the " Air Horse," due to the extremely powerful 
pitching control, such a restriction does not apply in practice and no difficulty 
will be experienced in flying with the centre of gravity as £u: as two feet 
off the mean position in either direction. This fttct greatly facilitates 
the loading procedure and is likely to be especially appreciated in freight 
carrying machines. 

Due to the absence of a tail rotor and the elevation of the main rotors, 
the '* Air Horse " is completely free from the usual hazards to personnel on 
the ground. 

CiUTiasMS. 

Having enumerated some of the principal advantages of the three rotor 
configuration, we now have to turn to criticisms likely to be advanced against 
this form of helicopter and examine their justification. It is natural to 
question the complexity of a three rotor machine with its multiplication of 
blade articulations, transmission elements and controls. Furthermore it is 
expected that the weight penalty as well as the drag penalty of the outriggers 
and long travel undercarriage legs will have to be justifi^ on performance 
grounds in spite of the numerous other advantages of the configuration. 

No definite answer to such criticisms can be provided without first 
choosing a suitable criterion derived from a distinct approach to helicopter 
operation. It is my intention in this paper to underline the quantitative 
approach and to choose the point of view of the commercial operator seUing 
the use of " helicopter communications." In this way, from the great 
number and variety of considerations applicable to the evaluation of a 
helicopter, those expressible in economic terms can be selected and correlated 
under the guidance of the over- riding aim ** to provide helicopter transport 
services at low cost in terms of pence per ton mile or passenger mile at a speed 
leaving a substantial margin compared with ground transport and accom- 
panied by the highest possible safety." 

Once commercial operation is considered, the criticism of complication 
loses its significance as an independent yard-stick in evaluating the helicopter 
or any other piece of equipment. From this point of view, to be significant, 
complication must be expressible in terms of first cost and /or maintenance. 

As regards first cost, it is believed that the multiplication of components 
carries with it the tendency to cheapen manufacture by increasing numbers. 
We are all aware of numerous examples in technical development where 
multiplication of components has no specific effect on first cost. I only need 
to mention multi-cylinder engines or ball-bearings. 

As regards maintenance, final judgement will have to await practical 
experience, but it is believed that the advantage of accessibility obtainable 
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in a three rotor machine of the size of the ** Air Horse " and the reduction 
in the relative cost of spares through interchangeability, outweigh the 
disadvantages of multiplication. 

We are left, therefore, with the problem of evaluating the "Air 
Horse" from the point of view of performance expressed ia terms of 
transport economics. The evaluation will be divided into two main chapters 
dealing with the relatively independent features ; three rotor configuration 
and long travel imdercarriage. 

Economics of the Three Rotor Configuration. 

We formulate our first problem in the following terms : are the advan- 
tages of the three rotor helicopter accompanied by a weight and drag penalty 
leading to increased cost of helicopter transport ? 

We are mainly concerned with examining the three rotor configuration 
in comparison with others. However, it is essential to ensure that other 
things are equal. Among other things we include the remaining principal 
faaors determining the economics of helicopters, that is : Size ; Choice 
of parameters, and Detail design. 

It will at once be obvious that we cannot replace a theoretical evaluation, 
however imcertain and based on inspired guessing, by a direa comparison 
of existing types simply because no such types are available of equal size, 
equal approach to optimum parameters, or equal stage of design development. 

I*r 
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Referring to the chosen criterion of economic efficiency, we can narrow 
it down by first examining the conditions of safety and speed. Some of the 
advantages of the three rotor configuration enumerated above are concerned 
with safety. In addition it is thou^t likely that, except for special duties, the 
twin engined version will be the only one employed for civil transport. 
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All helicopters under development today are inherently capable of 
substantially identical cruising speeds of about 115 m.p.h. and the " Air 
Horse " promises to attain thb speed with economical cruising power. 

Consequently that speed can be eliminated as a &ctor in comparing the 
economic efficiency of helicopters, and we are left, therefore, with a cost 
comparison alone. 

Effect <4 Size. Fig. 8 illustrates the fact that up to the size of the 
" Air Horse " and beyond, the effect of size on cost is predominant. This 
graph is based on existing helicopters, but includes the twin-engined " Air 
Horse." Fig. 9 applied to three rotor machines only shows that size has a 
&r less pronounced effea on the percentage of disposable l(Md. Such a 
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conclusion is roughly in accord with fixed wing experience in the range of 
sizes considered here and represents the balance of several opposing tenden- 
cies. The effen of size on the cost of transport is due to cost items, such as 
crew remuneration, which are predominant in small sizes. 

Effect of Configuration. It is most profitable to restrict our approach 
and to compare multi-rotor helicopters having different numbers of rotors. 
In this limited field, at least, the comparison expresses real trends. Such 
an evaluation extends to all out-rigger machines from side by side twin 
rotors to three and four rotor configurations. It is based on the assumed 
laws by which weights of different components alter with basic physical 
magnitudes of the helicopter to which we shall return later. Fig. 10 shows 
that a very considerable improvement results from increasing the number of 
rotors from two to three. Further possible improvement is limited and may 
no longer justify the additional complication. 

This graph caimot, of course, cover single rotor, tandem, intermeshed, 
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or oo-azial coofigura- 
tions which are the 
present practical com- 
petitors of outrigger 
lay-outs. In each 
case, if we take the 
side by aide outrigger 
system as a basis, 
there will be items 
<ausing weight reduc- 
tion as well as items 
causing weight in- 
crease. My point is 
that the bat alterna- 
tive system which I 
persoiully believe to 
be the tandem mach- 
ine, is only marginally 
better than the side by 
side twin and there- 
fore probably inferior 
to Uie three rotor 
machine. 

Other perform- 
ance aspects are more 
easily dealt with. It 
can be stated wi^ 
some assurance that 
the gliding angle of 
the three rotor mach- 
ine as a whole is of 
the same order as that 
of the better single rotor machines. This is due pardy to the utilisadm of 
the rear outrigger booms to produce lift in forward flight and pardy to die 
effect of size. 

Effect of Design Parameters. I cannot here deal with the subject 
exhaustively but, in outline, our approach consists of the following stqis, 
each one containing somewhat bold and debatable assumpdons, but which 
in combination are plausible and consistent. 

(1) Dehnition of permissible All Up Weight. 

(2) Determination of truly independent parameurs. 

(3) Subdivision of component weights into groups depending on 
individual parameters and their combinations. 

Briefly All Up Weight is limited to that which can be lifted verticaUy at 
a rate of 6 ft./sec. by maximum engine power without wind or groimd 
interference under the worst atmospheric condition in which the machine 
is expected to operate. To avoid a " multiplication of pessimisms " avenge 
individual efficiencies are chosen and a total allowance of 4% power loss is 
made to cover all errors. 
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There are four major design parameters once the configuration is settled 
and the power imit chosen : 

(a) Disc loading. (c) Blade solidity. 

(b) Tip speed. (d) Undercarriage stroke. 

Of these (c) and (d) prove on investigation to be dependent upon others. 

Fig. 1 1 illustrates the eflfea of disc loading on the percentage of dii^x>s- 
able load for a given power. It is seen that the effect of disc loading flattens 
out and remains stationary over a considerable region. Disc loadings of the 
two Air Horse types are near the maximum. I would like to make it dear 
that these graphs represent a comprehensive approach. In all cases, for 
instance, solidity is automatically adjusted to avoid tip stall and U/C stroke 
is automatically increased to absorb the energy of imaided vertical descent 
without power. 
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In contrast to disc loading graphs, those showing the percentage of 
disposable load over the representative tip speed (Fig. 12) have no optimum. 
We have to re-emphasize that rotor solidity is adjusted for each tip speed 
to a value determined by tip stall in forward flight. 

The Figure includes a graph of the kinetic energy of the rotors. It is seen 
that the effect of decreasing solidity nearly offsets that of increasing tip speed 
and the kinetic energy increases very slightly with increasing tip speed. 

Effect of Detail Design. A novel configuration presents new problems 
requiring time and experience for their solution. It calls for caution 
but it also offers new opportimities to the designer. In particular, 
larger size contributes to the possibility of greater refinement and die lay-out 
of the " Air Horse " facilitates attention to ease of maintenance. The 
three-fold repetition of many components makes every improvement in the 
design of such components three times more effective. 

Summarizing, we can conclude that the ** Air Horse " constitutes a 
most imponant advance in economic efficiency on account of its size made 
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possible by multiplication of rotois, that the three rotor configuration 
compares favourably with the best known alternatives and its numerous 
advantages arc not bought at a sacrifice in economics, that the " Air Horse " 
represents a choice of design parameters approachijag the optimum in all 
but tip speed, and that, for its potentialities to be fully applied in detail 
design, t)^ development will be pursued promising to reach really high 
standards in the twin-engined version. 
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Economics of the Long Travel Undekcarriage. 

The " Air Horse " imdercarriagc has a travel of five feet which enables 
the machine to cany out an emergency landing in vertical descent without 
power and without relyii^ on the kinetic energy of the rotors. The rate of 
vertical descent is estimated at 41 feet per second and the energy absorption 
is, therefore, approximately 12 times that corresponding to minimum ARB 
lequiiements. 

In providii^ a high absorption undercarriage the Company were guided 
by the following considerations : — 

(a) That safety features independent of the pilot's skill are likely to be 
fyi more effective than those depending on a rather precise manoeuvre 
requiring great presence of mind and experienced judgement. 

(b) That loss of power is expcrientxd often immediately after take off 
when there is no time for the pilot to carry out the required landing man- 
oeuvre. In fact, to reduce, if not escape, the danger at small heights over 
the ground, it is necessary to follow a take off and landing technique which, 
apart from using maximum r.p.m., includes inclined climb as well as taking 
account of the prevailing wind. Such procedures militate against the main 
advantage of the helicopter, namely all weather operation from stricdy 
confined spaces. It is visualised tlut the helicopter, to do justice to its 



principal fiinction and to simplify landing fadliries and navigation, has to be 
able to take off and land tnily vertically and to be independent of wind 
direction. These considerations apply more particularly under conditions 
of poor or zero visibility. Imagine the advantage of knowing that you can 
hit the deck at a vertical rate of 20 m.p.h. without the slightest inconvenience ! 
(c) To substitute effectively kinetic energy for undercarriage absorption 
capacity it is necessary to provide enough of it at take off and landing. 

A full analysis of energy transformation in vertical descent is complicated^ 
but for the purposes of our argument, it is enough to state that in practice 
(that is allowing for a normal degree of error on the part of the pilot) the 
available kinetic energy in the rotor must be a multiple o^the kinetic energy 
of the machine in vertical descent. Some published data lead to the conclu- 
sion that the factor ought to be about 5 for adequate safety. 

Referring again to Fig. 12 we observe that without special attention to 
this maner we may expea, in a well designed three rotor machine, a fiurtor 
of 3 varying only Uttle with tip speed. 
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To obtain the missing 66% of available energy we can either increase 
tip speed by 30% keeping the same blades or increase blade inertia by 66% 
with constant tip speed. The former procedure will reduce the lifting 
efficiency by as much as 4% as can be seen from Fig. 13 giving lifting 
eflSciency over tip speed at constant solidity. The latter solution will add 
4% to the structural weight. 

On the other hand, riie weight sacrifice for long travel amounts to barely 
3% of All Up Weight which is less than the useful weight increase obtained 
by enabling the machine to take off, hover and land at optimum blade angle. 

Operators' Requirements. 

Though this contribution to the discussion was broadly intended to 
represent the constructor's reply to requests expressed earlier by operators. 
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^t have undl now concentrated on the description and evaluation of a type 
akeady in existence. We can now turn to the operator's problems but will 
have to restrict ourselves to brief remarks. 

We have to classify requests made by operators into several categories. 

(a) Many of the features which distinguish the ** Air Horse " either 
inherently or incidentally, directly meet some of the points raised by the 
lecturers and have, in fact> been introduced in response to such requests. 

(b) To be honest, every designer has to admit that many troubles 
experienced by operators arise not from inherent difficulties but merely from 
lack of foresight. No purpose is served by covering up lack of anention, 
and the remedy for such faults lies in better appreciation of the problems by 
the operators themselves, and better co-operation between operators and 
designers. This discussion must be especially welcomed from this aspea. 
Specifically, it cannot be denied that in helicopters some, though not all, 
vibration troubles fall into this category especially those arising from avoidable 
unbalance and resonant response to periodic impulses which, in themselves, 
are not intolerable. 

(c) Operators must realise that some of the requirements put forward 
by them are conflicting. Most improvements have to be paid for with money 
or weight, or both. To do justice to such conflicting requirements it is 
essential for the designer to be given some guidance of a quantitative nature 
as to the relative value of the different requirements. It is admiued that 
such information may be extremely crude at this early stage of practical 
experience. My point is that crude information is better than none. 

(d) Finally, there are requirements to which the designer is fully alive 
but which constitute real technical problems requiring systematic research 
and development, for their solution. 

Progress will be determined by the effort invested in research and we 
all hope such research will receive assistance and sponsorship on a scale 
commensurate with the promise of the great benefits which the public expects 
from further developments of helicopters. 

potentxalities of the " alr horse " in civil 

Air Transport. 

The present achievement is characterized by a percentage of disposable 
load of 32% in the freighter version corresponding to 27% in the passenger 
version. Although this figure may drop somewhat owing to additional 
operational equipment, we recall that it approaches the figure of 28% given 
for the *' Ambassador " which is a highly developed, conventional, fixed 
wing aircraft. It cannot be stressed too strongly that such an achievement 
in a completely novel configuration means that the potentialities of the type 
are very much greater. The policy of our Company is to pursue development 
along the line of increased sdl-up-weight with the twin-engine installation, 
preserving many of the existing components. Experience with the ** Air 
Horse " research prototype will enable us to depart firom the caution with 
which such a novel conception had to be approached. It is confidendy 
expeaed that the twin-engined '* Air Horse " will have a disposable load 
percentage of 30% in the passenger version and 35% in the freighter version, 
with fiill operating equipment of approximately 800 lb. 
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Present estimates of direct cost for the twin-engined " Air Horse " are 
of the order of 1.9 pence per passenger mile for 100% load factor, and a 
stage length of 100 miles. 

The load factor in helicopter transport must be considered without 
prejudice from fixed wing experience. It will be greatly influenced by 
tariff policy and by the frequency of the service and must at present remain 
highly speculative. However, even if we assume a load factor of 65% the 
direct cost per passenger mile becomes 2.66 pence. 

All that can be said at present about overhead expenses is that they must 
be inherently lower than those of fixed wing aircraft due to the basic features 
of the hehcoptcr which requires only a fraction of the groimd installations 
and facilities essential for fixed wing operation. I believe that overhead 
expenses of 33% are a generous allowance which can eventually be reduced 
to 25% or even 20%. We thus arrive at an economical fare of less than 
3.5 pence per passenger mile. I visualize the single fare between London 
and Birmingham to be 28/- compared with the present single first-class rail 
fare of 37/9. On the basis of a cruising speed of 1 16 m.p.h. the scheduled 
block time of the journey would be 59 minutes. Similarly, a single fare 
between the centre of London and the centre of Paris would be exactly £3 
and the journey would take two hours and two minutes. 

Few people would disagree with me in expecting that if these figures 
can be obtained, and I believe them to be quite within our grasp in three to 
four years, a vast volume of traffic will be carried by helicopter services over 
routes such as those mentioned above and I am confidently looking forward 
to the day when from a helicopter station in the centre of London, twin 
engined " Air Horses " will rise every 20 minutes and carry 30 passengers 
to Paris, or Brussels, or Birmingham, or Manchester. 
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Discussion. 

A. Davenport (Westland Aircraft Ltd.) Founder Member : The request which 
had been made during the morning session for more money with which to develop 
the helicopter was not unusual ; and the reason given, that the helicopter industry 
was not getting its share, was also not an unusual complaint. But some encourage- 
ment might be derived from the consideration that those who were concerned to buy 
helicopters would not always require that they be operated economically or at a 
profit. Sometimes a service was run at a loss in order to serve the convenience of 
the customers ; and probably the helicopter would render the sort of service that 
could be run at a loss, or without pront, provided that the whole organisation of 
which it formed a pan was run at a profit. 

Mr. Peter Masefield, in his recent leaure, had suggested that the helicopter was 
not able to make jotimeys of more than 200 miles economically ; at that stage the 
fixed-wing aircraft came into its own. 

The installed power per passenger was rather low for it worked out at about 
75 h.p. per passenger in the helicopter, whereas in its fixed-wing competitor it averaged 
50 h.p. per passenger. That matter required anention, and improvement might weU 
be effected by improved design and construction of rotor blades. 

He disagreed with Captain Liptrot that replacements were excessive in the 
helicopter ; in his experience with the Sikorsky S.51 there was a major inspection at 
400 hours, and the cost of replacements was less than £100. That was a remarkable 
achievement, because that particular machine had been doing demonstrations and 
intensive fl3ring. 

Another matter in connection with operation costs was that of the consimiption 
of fuel, which for the helicopter worked out at 3^ m.p.g., whereas in the fixed wing it 
averaged 7 m.p.g. Thus, there was much room for improvement, and he suggested 
that designers of helicopters might pay a little more attention to streamlining, par- 
ticularly if the machines were to cruise at more than 100 m.p.h. 

He supported Mr. Scx)TT-Hall that designers should pay adequate anention to 
improving the stability of helicopters so as to make blind flying, map reading, and 
general navigation easier in adverse weather and other conditions. He also thought 
that the noise level in the helicopter at present was too high and should be improved, 
from the engine transmission, blades, and engine exhaust. 

Norman Hill, Founder Member : He was a would-be operator of British helicop- 
ters. One speaker had stated that there was no market for the helicopter, or if there 
were, that it was small. He suggested that if they concentrated on producing a 
marketable helicopter the market would then become apparent. 

Under present-day conditions development and production was a slow and 
tedious business for the manufacturers, and even to-day there was no British heli- 
copter available with a full certificate of airworthiness. Furthermore, the experi- 
mental prototypes demonstrated so far had only a moderate performance and a poor 
capacity. 

The insurance underwriters, suspicious of the helicopter and its mechanical 
complexities, and lacking experience and knowledge of the type, quoted rates for 
insurance which could only be described as harsh. 

At State airfields landing fees were heavily against the type, although the wear 
and tear at such airfields caused by the helicopter was negligible when compared with 
fixed-wing aircraft. All these things weighing so unduly against it might prevent 
the helicopter, with its unique capabilities, from being properly exploited. 

He should suggest that designers and engineers engaged in the British effort 
should seal their designs immediately practicability in performance and cost was 
apparent, and then let the operators who had the vision, the enteiprise and the money, 
put the helicopter to the proper operational testing it required, if it were to secure its 
rightful place in commercial air transport. 

Those interested in insurance underwriting should make themselves familiar 
with the helicopter and all its possibilities. Tlus promising aircraft should not be 
burdened with heavy insurance rates without regard to its safety characteristics — 
characteristics which were clearly to be seen when in the hands of airline operators 
with an appropriate technical and financial background. 

To those who were to-day framing legislation for the heUcopter he would say — 
have safety by all means as their code, but frame and apply regulations with wisdom 
and vision so as not to hamper this new vehicle in its free development. 

Association of Gt. Britain. ^^ 



G. A. Ford (B.E.A. Hsiicopter Unit) Founder Member ; As a pilot in B^^., he 
would definitely like to see some form of manual over-ride control with which the 
pilot could cushion a vertical landing in a restricted area, and also increase the pitdi 
to compensate for the lower air density and the loss of engine power with height. 

The fixed-wing aircraft instrument panel layout was the result of a number of 
years praaic^ experience, and the principles that governed that layout should be 
applied to the helicopter. In particular the blind flying instruments should be in 
front of the pilot and close together, even at the sacrifice of a little of the forward view. 
Any improvement in stability would be a great asset to a pilot flying blind or by night. 

H. Roberts (Department of Aeronautics, Imperial College of Science and 
Technology,) Founder Member : There was a certain degree of over-optimism perhaps 
to be found in the Lecturer's approach to the problems of rotary wing aircraft. There 
were three main stages of development in any problem ; investigation of the effect, 
the cause and the cure. The Lecturer's had said a lot about the causes of helicopter 
problems, e.g., the problems of stability and vibration, and the effects were fairly 
widely known. Thus excessive vibration led to discomfort during flight and fatigue 
failure of parts, while inadequate stability involved a higher degree of risk, and 
consequently reduced safety. What seemed to be lacking was that the Lecturers — 
particularly on the question of stability — had said linle about the application of present- 
day ideas to provide improved answers to the problems. 

The particular problem of vibration seemed to be getting the attention it deserved, 
and he congratulated the designers on their various wajrs of alleviating vibration 
troubles. But the ** solution " to the stability problem offered by Mr. Shapiro was 
far from new, having been handed down by the earliest pioneers. Dr. Bennett's 
solution, involving the use of a fixed tailplane gave stability only at forward speed, and 
was merely an adaptation of fixed-wing concepts. The Bristol machine apparently 
could only be stable over a limited range of forward speed. It seemed that all these 
so-called solutions were not really genuine solutions in the sense that they enabled 
them to achieve stability over the whole speed range without extreme complication 
or difficulty. 

During the discussion it had been said that stability would be provided when it 
was required by the customer. He did not know whether or not it was proposed to 
provide it from a hat, like the proverbial rabbit, but stability would certainly not be 
provided just like that. Its achievement called for really hard work by a lot of people. 
In Great Britain there were a certain number of experts, but nothing like the number 
that the situation required. In contrast to their own limited resources, in the United 
States there was intense acti\dty by a large number of design and research organisa- 
tions and it was probable that advances there could be more substantial than in this 
country ; he could not help feeling that they were likely to be behind for a long while. 

One of the roots of the trouble was that the teaching facilities in Great Britain for 
training engineers in this field were fas too limited. The new syllabuses of the 
** Aircraft Design " paper for the Associate Fellowship Examination the Royal Aero- 
nautical Society, for the first time, was proposing to include specifically the rotary 
wing aircraft. He hoped that this, together with the activities of the Helicopter 
Association, might provide a fillip to the teaching organisations to extend their activities 
and facilities in this direction^ so that eventually they might produce that body of 
designers and research engineers needed. 

Whereas Mr. Fitzwilliams had said that the function of the helicopter was to 
deal with the low speed end of the speed-range. Dr. Bennett had said that his machine 
was designed, not so much for the low speed end, but for a high cruising speed. 
Perhaps they might be able to resolve that slight inconsistency. 

Mr. Tye had said that he did not know of a solution of the general layout problem 
which gave reasonable fuselage shapes. If a fine fuselage were required there would 
be no difficulty in providing it. But the solution which looked best, so far as aero- 
dynamic lines were concerned, was not necessarily the best solution for the overall 
aerodynamic performance. The morning discussion seemed to exaggerate one side 
of the picture. 

In Mr. Hafner's first graph he had very high values of fi. The symbol ^ did 
not generally exceed 0.5 or 0.6 and he would hke to know what was meant by values 
of fi of 1, 2, 3 and 4. 

In Mj. Hafner's equations there appeared a term which allowed for the deflection 
of the induced flow as it approached the disc, so that the effective angle of attack of the 
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disc was altered. He was under the impression that deflections of this sort were not 
substantiated experimentally and there was a fair amount of argument — and it was 
very much a maner of opinion — as to whether there was any justification for using the 
deflection angle on a parameter. 

Stability had been recommended in forward flight, but not necessarily in hover- 
ing flight. It seemed to him that the problem of achieving stability in forward flight 
was not diflicult, and he did not think that anyone had said that it was. The diflicidty 
was to achieve it in hovering flight, and he felt that it was rather begging the question 
to suggest that people really did not want it. 

Pierre Renoux (S.N.C.A.S.E., Paris) : A flying model had been made of a family 
of new helicopters developed by the S.N.C.A.S.E. which included some unorthodox 
features. A picture of it had been published. It had two tail rotors, which had 
advantages in connection with the control of the pitching and yawing components, 
and very good damping in pitching and yawing motion was secured.* 

G. E. Clair (Aviation Underwriter, The London and Lancashire Insurance 
Co. Ltd.) : He welcomed the remarks of Mr. Norman Hill on insurance and noted 
that Mr. Hill hoped underwriters would enquire more closely into the helicopter 
situation. That request, to some extent, had already been met by the presence of 
two insurance representatives and much of value had already been learnt. 

If underwriters could have information as to the possibilities of autorotation in 
the event of engine failure, the loss of height necessarily involved and the heights at 
which any such failure could be handled safely it would be helpful. For example, 
he had gathered from Mr. Hafner*s remarks that there was a possibility of landing 
the Bristol 171 with only a 50 yards landing run which seemed quite good. 

Mr. Hill had referred to harsh rates ; he assured him that in the present com- 

S^titive state of the market, underwriters did not charge more than they could help, 
arsh rates were the result of biner experience during the past few years, mainly 
on the Coiitinent of North America, and some»underwriters to-day even refused to 
look at the business. But whatever proposition was put forward, provided that the 
safety factors mentioned were clearly brought out, it would be found that the insurance 
market, instead of being rather nervous, would do all that was possible to help, by 
covering the new and interesting development in aviation. 



* Mons. Renoux had brought a cinematograph film showing the operation of the 
model, which he was ask^ to leave with the Royal Aeronautical Society so that it 
could be shown at a later date. 



THE CHAIRMAN. 

This afternoon we have had but a very short time available for discussion. 
The meeting will now adjourn for tea, but at 5 o'clock we shall again meet 
and continue the discussion both of this morning's and this afternoon's 
papers and the problems that arise from them. 

I would like to point out that if there is anybody here who has wished 
to take part in the discussion and will be unable to be present this evening, if 
they will submit their comments in writing to the Secretary of the Royal 
Aeronautical Society these will be answered by the Lecturers and will be 
included in the published discussion. 
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EVENING SESSION 



General Discussion. 

Dr. H. ROXBEE COX, d.i.c. F.R.Ae.s., f.i.ac.s. 
President of the Royal Aeronautical Society 

in the Chair 



J. K. Williams (Air Registration Board) Member : He emphasised Mr. Clair's 
point which was not hilly appreciated by everybody, about the introduction of safety 
factors in order to reduce insurance rates. 

The helicopter had definitely arrived as a successful flying machine, but the 
eventual helicopter passoiger, the *' man-in-the-street," still rtmded the helicopier 
as a spectacular piece of ingenuity, capable of performing incredible tricks in the air, 
but not yet as a means of transport. In the next few years helicopter designers must 
concentrate on safety and on improving the efficiency of the design with regard to the 
percentage payload available, instead of increasing the complexity of the design in 
order to achieve specucular records. He did not wish to belittle the splendid 
accomplishment of die Fairey Gyrodyne in attaining the speed record, but he felt sure 
that Dr. Bennftt would be the first to admit that the attainment of that record was 
only incidental to the completion of a successful design. 

From the safety point of view there were five major problems to be studied and 
overcome. They were : — 

1. The helicopter at present was far too complex with too many moving parts. 
Simplification was needed to reduce the risk of failure of a component pan which 
might be vital to the whole. They must make certain, by means of additional 
safety factors and check laboratory tests, that within the specified life, the parts, 
including gears, bearings and rotor blades, remained airworthy. 

2. They had little knowledge of the loads which helicopters actually experienced 
during manoeuvres in flight. The various types should be extensively flight 
tested with strain gauges to obtain a more accurate estimate of criteria for 
design purposes so that, not only could they be reasonably assured that the 
helicopter was safe for normal manoeuvres, but also that the structure was as 
efficient as possible, without introducing undue failure hazards. 

One of the most important problems was the possibiUty of the fatigue failure 
of a main rotor blade in flight. A great deal of reasearch was necessary to establish 
adequate design safety factors and the technique of the laboratory fatigue tests. 
An excellent treatise on that subject had been written by Mr. Garraway in his 
Cierva Memorial Prize Essay. 

3. The single-engined helicopter was a far safer flying machine than a single- 
engined aeroplane in the event of engine failure but, as Captain Liptrot had 
pointed out, a danger zone, for engine failure for single-engined helicopters did 
exist. It could be eliminated by making the helicopter twin or multi-engined, or 
so designing the rotors that the pilot could use their kinetic energy to reduce the 
vertical velocity (l>cfore touch-down), or by the provision of a long travel under- 
carriage. 

He agreed with Wing Commander Brie that all future helicopters in opera- 
tion on scheduled routes should be twin or multi-engined types, the basic per- 
formance requirement being that the helicopter could maintain height on one 
engine under adverse conditions. 

4 A reduction in the disc loading was needed. There they were faced with the 
paradoxical problem of reducing the disc loading and at the same time increasing 
the percentage payload to make the helicopter a competitive means of transport. 
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5. A successful technique for the complete blind flying of helicopters must be 
devised, with the attendant problems of the development of instruments and 
ground aids, reduction of pilot fatigue to the minimum, and overcoming the 
inherent instability of helicopters in their present stage of development. He 
believed that the B.E.A. Helicopter Unit would solve that problem successfully 
before long. 

If these safety aspects could be successfully incorporated during the next few 
years, what were the future fields of operation for the helicopter ? Ine whole trend 
of development depended on that. Surely thay would not be satisfied with the limited 
fields envisaged at the moment, such as crop-dusting and spraying. Post Office work 
and shuttle services between the Scottish islands. Could they look forward to heli- 
copters superseding fixed-wing aircraft on some of the major internal airlines in this 
country during the next ten years or so ? If not, he felt that helicopter development 
would be seriously retarded. 

Dr. A. P. Thurston Member : What was the correa pronunciation for the 
machines under discussion ; he had heard them called " helicopters," " heelicopters," 
** haylicopters," and Group Captain Liptrot had even called them " witches cauldrons 
of fluctuating forces " ; years ago Sir Hiram Maxim had called them '* hell-icopters." 

He sympathised with those who complained that money was not available for the 
development of this most important branch of aeronautics, but much development 
could be effeaed at little cost by means of models. For many years he had experi- 
mented with models, some of which did not conform at all with practice, and it seemed 
to him that with them many problems would be solved concerning the fluctuating 
forces which set up vibrations, and so on. He exhibited one of his models, which was 
stabilised like an ordinary aeroplane ; it was dated 1939. It flew best when not 
pivoted at the root of the blade and he showed the optimum point of pivot. At times 
he had been in peril, by reason of the speed of the models in the air, which was 
unbelievable. Such blades spaced themselves when flown in multiple. He had 
used all types and shapes of blades stabilised and had determined by experiment the 
best point to pivot the blade. Models could be controlled remotely by means of a 
Bowden cable with a centre wire ; differential control, pitch control and any other 
form of control of blade or engine could thereby be achieved. 

A. H. Yates (College of Aeronautics) Member : What was being done to narrow 
the range of danger heights between which, if engine failure occurred in a sin^e- 
engined helicopter, a crash appeared to be inevitable ? If an engine failed at a height 
below 30 ft. the landing could be cushioned by increasing the blade pitch. If an 
engine failed at a height above 300 ft. there was sufficient height for the auto-rotation 
of the rotor to be achieved but at less than 300 ft. there was not that opportunity. It 
was desirable that, as soon as torque failed, the blades automatically set themselves 
to autorotating pitch, without time lag. 

The pilot of a fixed-wing aircraft had to be on the extreme qtd vive for only a few 
seconds after take-off, and had not to watch the controls so carefully when a com- 
fortable height was achieved, but the helicopter pilot had always to be alert and was 
at a disadvantage in that respect. 

Helicopter meetings seemed to attract people of such diverse interests that he 
wondered if the time had come when the specialists should separate. There were 
references to laminar flow, the Fourier series, and so on, and these subjeas would 
not interest the " crop sprayers." Those interested in aerodynamics could very well 
spend the whole day discussing the aero-dynamic features of the aircraft, and they 
might gain, perhaps if the meetings were a little more specialised. 

F/Lt. J. R. Anderson, Member : At a joint meeting of both rotary- wing and fixed- 
wing experts, it seemed appropriate to mention the combination of the two types of 
aircraft. So far the only reference to the type had been a mention of convertible 
aircraft by Mr. Fitzwilliams. The combination was now a practical proposition 
because of developments in gas turbines and in other technical spheres. 

With convertible aircraft the landing and take-off difficulties of the fixed-wing 
aircraft could be overcome to a great extent and, for a given engine power, the convert- 
ible could show less than half the drag area, which meant higher speed. For heights 
below 8,000 feet, it meant that the convertible type could be operated at speeds which 
fixed-wing aircraft could not touch, and thus could fill the gap between the helicopter 
at the lower heights and the fixed-wing aircraft at high altitudes. 
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There were none of the vibration difficulties found in the helicopter because of 
the periodic forces on the blades, since the axes of the various airscrew systems were 
not at approximately right angles to the air flow. 

They lagged behind with helicopters through insuffidei^ support, and one speaker 
had suggested this was because of their low miUtary value. The convertible type had 
high military potentialities and its development was of importance — possibly vital— 
to the defence of the country. It was to be hoped that those responsible would not 
bury their heads in the sands of complacency. The papers presented to the meeting 
had clearly explained the limitations of the helicopter, and he hoped that support, 
both financial and in other directions, would be forthcoming from the departments 
concerned. 

Wing Commander L. P. Gibson Member: It had been said that fixed- wing air- 
craft pilots with thousands of hours of flying had " given up the ghost *' after trying 
to fly the helicopter and that, in trying to fly the helicopter, it was as though one were 
trying to balance a billiard ball on a pin. He felt that this was a slight exaggeration 
and die view that helicopters were difficult to fly had arisen largely, perhaps, because 
of the attitude of those who could fly them already ; they formed something like a 
'* magic circle *' or " closed shop.'* It reminded him of the old flying boat days and 
their " Union." There were two cases recently in which pilots had learned to fly the 
helicopter after only li hours dual. 

The lack of real facilities for learning to fly helicopters in Great Britain was perhaps 
the difficulty at the moment. People came along for a ride and their first flight was 
just a novelty ; they did not really learn anything ^m this. 

He suggested that there should be established somewhere in this country a 
familiarisation course — not a course which would cost something like £300, but one 
which would include, say, five hours flying. He recalled that when jets were intro- 
duced there was established in the Service a week's course, which included five hours 
flying ; the whole idea being to dispel the " black magic ** which had then surrounded 
the jet. 

If helicopters were to be developed so that everybody could use them and could 
take-off from, and land in, their gardens, they must rid themselves of that " black 
magic " idea. The difficulties of flying the helicopter must not be exaggerated. 

Squadron-Leader F. J. Cable (Airborne Forces Experimental Establishment) 
Founder Member : A middle course should be adopted on the flying of helicopters. 
They should not suggest that only a race of supermen could fly them and we must not 
go to the other extreme and say that they were easy to fly. 

As to the stage at which a pilot should first be allowed to fly solo, it was one thing 
to get into a machine and fly it around the aerodrome, when everything was working 
well, and put it back on to the ground without damage, but it was another matter to 
operate and look after it regularly and to meet the cost of repairing the damage. 

Difficulties, or the idea that the flying of helicopters was difficult, had arisen in the 
early days largely because of the mental approach and the necessity to appreciate the 
co-ordination of the controls. 

There was no difficulty about the engine-oflf landing problem and that bubble 
should be exploded. At A.F.E.E., Beaulieu, they had made 500 or so engine-ofT 
landings successfully from various heights during the past few months. The Sikorsky 
R4 was in the nature of being an experimental machine. Tests had been made with it, 
with more or less success, and presumably test results with later machines would be 
better than those obtained with the R4. When operating the R4 at 2,700 lb. (the 
full weight was 2,800 lb.) in still air conditions they had cleared a 100 ft. screen and 
had come to rest within 125 yards. That was not a stunt, but had been done often ; 
he had been responsible for more than a hundred of those landings. To those who 
were interested from the insurance point of view, he could say that helicopters could 
be landed in one piece, depending largely, of course, on the circumstances and the 
skill of the pilots. 

The helicopter could not be used fully until blind flying was a practical proposi- 
tion. At the moment it was possible, but he would not like to say that it was practic- 
able. In his opinion the first requirement before blind flying could be made practic- 
able was stability. The helicopter was not free of troubles in that respect, but the 
problems were not insurmountable. Given a stable aircraft and the development of 
one or two instruments, blind flying would be practicable. 
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W. M. Evans (Air Registration Board) : Speakers so far had avoided mention 
of die power plant, but from recent discussions with helicopter designers it appeared 
that there was a feeling that a case could be made for a modified method of rating 
helicopter engines. The helicopter designers felt that they needed a power for 
hovering (which was say, 90 per cent, of the maximum power of the engine), a power 
higher than that for emergency conditions and there might be some third rating, such 
as a power limited by b.m.e.p. and r.p.m., at which weak mixture strengths could be 
safely used. 

He had tried to obtain some collective idea, if such existed, as to how helicopters, 
particularly the new designs that were coming along, could be operated, and he had 
found it extremely difficult. It might be that, as with most new designs, the designers 
were more optimistic than other people, or alternatively, they feared their optimism. 
It seemed that, not only would helicopters take a far greater percentage of the mazi- 
miun power of the engine for longer periods, in relation to the total period of flight, 
than would fixed-wing aircraft, but that the engine r.m.p. would tend to be narrowed 
down to within a tight band just below the maximiun r.p.m. permissible for extended 
periods. 

That meant that engines were going to have an exceedingly hard time in heli- 
copters. Did the Lecturers think there was any possibility of the efficiency of the 
helicopter being improved to such an extent that it would no longer be necessary, a 
few years hence, to take these relatively large percentages of engine power from the 
engines? 

J. Brocard (Chief Engineer, Breguet Company, France) : He expressed his 
thanks for the invitation extended to the French engineers to attend the meeting, and 
the pleasiu'e it afforded them to attend. 

The first Brdguet helicopter had been built in 1905 ; in later years M. Breguet 
did further work in that field and in 1935 had secured the altitude record. Before 
the 1939-45 War a third machine had been built, which he believed was the only 
machine having two rotors, contra rotating, an arrangement which gave very good 
efficiency. The new machine was powered by a 240 h.p. motor and the diameter 
of the rotor was five metres (about 16 fr.). 

Group Captain G. V. Howard Companion : He was interested in the use of 
helicopters for anti-pest spraying and dusting work and had made enquiries as long 
ago as December 1946 about insurance rates ; he was quoted variously 12 per cent., 
10 per cent, and finally 7^ per cent. Because of the lack of helicopters from British 
sources, it had not been possible to proceed with the scheme at that time, but having 
been promised a Sikorsky S51 helicopter for delivery in February 1949, he had 
approached the insurance companies again in July 1948 and had learned to his horror 
that the rates had increased from 15 per cent, to 20 per cent. It was explained to 
him that the large increase was caused by the high incidence of accidents to crop 
spray and dusting helicopters in the United States. On making enquiries, he dis- 
covered that the accidents had occurred chiefly to tail rotors — ^not because of any 
mechanical defects in the rotor system, but on account of the rotors striking trees 
and hedges. His informant volunteered the information that the helicopter operators 
liked to get the chemical well into the comers of the fields and generally got as close 
as possible to the boundary obstacles before turning. In effect, the accidents were 
caused principally by careless or rash flying and he suggested that this factor should 
be made clear to the various British Underwriters interested in the insurance of heli- 
copters engaged in crop culture. 

Generally speakers had referred to the alleged difficulty of operating a helicopter 
and he would like to associate himself with the speaker who expressed the opinion 
that the pretence of some of the few original helicopter operators, to the effea that an 
exceptional type of person was required, was calculated to harm the helicopter 
industry and discourage would-be purchasers. He had been permitted to take a snort 
course on helicopter operation and mechanism, at an R.A.F. Centre, while on his 
retirement leave and, judging by the description of a member of the staff concerning 
the complicated nature of operation, he formed the impression that at least four hands 
and two pairs of feet would be required. In actual fact, he found that while it was 
true that the technique required was very different from that of flying a fixed-wing 
aircraft, there was no great difficulty about it and he formed the impression that the 
average individual would qualify for solo flying more quickly than in the case of 
fixed-wing aircraft, because of the impossibiUty of flying slowly in the latter. 

The creation of these mysteries by the experienced few was similar to the non- 
sense ** Black Magic '* of the earlier flying-boat pilots, who tried to make out that web 
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feet were required to fiy a boat successfully. Every one now knew that the alleged 
difficulties were sheer invention and in actual fact the average landplane pilot exi^eri- 
enced greater facility in operating a flying-boat, because of increased area for take-off 
and landing. 

SUMMING-UP. 

N. E. Rowe (British European Airways) Member : He thought of the " General 
Problems of the Helicopter for Civil Use " as being primarily passenger and frdght 
carrying, although there were many other uses, a number of which had been mentioned. 

They had tended to think all the time of a machine with a single main rotor, 
something which had the stability characteristics of the machine they knew, having the 
difficulties in connection with a single power unit and power cutting which characterised 
it. A good deal of the discussion was unduly coloured by their experience of the 
aeroplanes they had now, presumably because they had not experience of anything 
else, although there was a great deal of promise from the designers. A challenge had 
been made by the operator and the technical expert, and that challenge was answered 
by the designers ; in general he had concluded that many of the points brought out 
by the operator and technical expert were dealt with reasonably well by the designers. 
The designers* figures were still rather unrealistic in that they were not backed by fiill 
measurements or prolonged experience ; but on problems of stability and performance, 
engine-cut performance, and so on, it seemed that a good deal had been done, that those 
problems had been given real attention in design, and there seemed promise of getting 
what they wanted. In panicular, Mr. Shapiro's claim that in his three-rotor machine 
he could attain stability over the whole speed range was extremely promising. 

For civil use safe, reliable, economic operation was wanted. Safety, in the con- 
notation of *' civil use '* which he had in mind, was perhaps best achieved by having 
multi-engines, a point made by Wing Conunander Brie, and he hoped they would 
get away ^m all the difficulties of engine cut and of landing with no power. Machines 
must fly perfectly well on pan power, and that was one of the things expected £rom 
the designer. 

In reliable operation were included all the points of maintenance, flying blind, 
good stability and control and operation in all sorts of weather. Group Capt. Fennesy 
had spoken of navigation, a matter which was of great importance in the whole set-up. 
If navigation could not be effected precisely and automatically, they were in great 
difficulty. 

The problem of blind flying had not received the attention he had hoped. The 
meeting had tended to talk about stability and control rather that the actual practice 
of blind flying, although all agreed that it was necessary. In Great Britain it was 
essential for regular operation to be able to fly blind with complete precision of 
operation in terms of navigation, and complete safety in terms of control and stability 
and the pilot fatigue factor. Mr. Ford had mentioned the instrument layout, and the 
work that B.E.A. had done emphasised the importance of good lay out for blind 
flying, so that the fatigue, which was inherent in the helicopter to-day, was reduced 
to the minimum. 

Wing Commander Brie had made a very important point when he had urged 
that they must make the best use of what they knew already. Exactly the same sort 
of plea was made by Sir Henry Tizard in his Presidential Address to the British 
Association in 1948 ; he had said they would probably do more in advancing the general 
economics of life at this stage by making use of the knowledge they possessed now 
rather than by applying all their e^ort to the finding of new knowledge. He com- 
mended that point to designers and all others concerned. 

The point made during the discussion concerning the provision of sites had not 
been taken up, although it was of great importance to operators. It was said that if 
they had the best helicopters, but had not the sites to and from which to operate them, 
they could do nothing. That was absolutely sound ; there was need for real drive in 
connection with the provision of sites, so that they could get them as economically as 
possible and in the best position for economic and convenient use. Another important 
point was that, since the helicopter was a short-stage vehicle, the number of sites in a 
given group system would be large, hence equipment, manning and so on of such 
places must be done on an economical scale. 

There had been a fair amount of discussion on vibration. He had done a fair 
amount of riding in the S.51, and the B.E.A. pilots had done a tremendous amount of 
work. He would say that the vibration was rather high for comfort but not unduly 
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so. The point had been made by one of the designers that they should set down a 
standard of vibration which the operator would be prepared to accept ; that was 
important because it would give the designers some idea of the limit on cruising speed 
imposed by passenger comfort. Vibration was important, but he had felt that there 
was a tendency to over-emphasise it. 

He agreed on the point made that the total amount of effort being devoted to 
helicopter problems in Great Britain was too small and that they should have more 
training ot technical men. More technical knowledge was needed but without 
training they would not get it. 

Research with models was also important. There was a technique in connection 
with fixed-wing machines which used a sequence of calculations and model tests and 
correlation with full scale ; he believed it was true to say that, correlation between 
model and full scale having been established, they could advance much more confi- 
dently into new territory than they could without the model technique. A similar 
technique was needed for helicopters. As things were now, they had to build a full- 
scale machine and find out what it was like. They should know a great deal more 
about it at the model stage ; then they could advance with much more confidence and 
economy. 

CONCLUSION 



Dr. H. Roxbee Cox (Chairman) 

The Chairman said he had been particularly glad to see the French 
engineers and also to see so many who were interest^ in the insurance side 
of the helicopter business at the meeting. One of the diagrams in Wing 
Commander Brie's paper was important from the insurance point of view ; 
it showed how easy it was to walk into moving parts of a grounded helicopter, 
thereby damaging oneself and the helicopter, so that the insurance charge 
would be quite appreciable unless the greatest care were exercised. 

One of Mr. Shapiro's diagrams, seemed to show that, if the number of 
rotors were increased on one of the multi-rotor machines, the ratio of 
disposable load to all-up weight tended to become asymptotic. That was 
puzzling. There was a dear difference between gaining further disc area by 
increasing the number of rotors and achieving the same result by increasing 
the area of each disc. It seemed to him that the former was more expensive 
in structure weight than the latter, and he would like to know why he appeared 
to be wrong on that point. 



CONTRIBUTIONS. 



B* H, ArkcU (The Fairey Aviation Co. Ltd.) Founder Member, Written 
contribution : Opinions had been voiced ^m many quarters during the discussion 
on the controversial subject of whether or not the helicopter was d^cult to fly. 

It was generally agreed that in steady forward flight, apart ^m stability prob- 
lems, there was not a great deal of difference between the rotary and fixed-win^ 
aircraft, and it was on the question of hovering that the controversy arises. An exami- 
nation in detail of the characteristics during this condition of flight might throw some 
light on the subject. 

In the fixed-wing technique, discounting aerobatic manoeuvres, the condition of 
flight calling for the maximum concentration from the pilot and the most accurate 
co-ordination of aileron, elevator, rudder, and power controls, was the hold-off and 
touch-down to landing, occupsring a period of perhaps a few seconds. 
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If the fixed-wing pilot considered the amount of concentration and co-ordinacioa 
of control he needed to employ during this short hold-off period in order to ensure 
that the aircraft touched down to a perfect three-point landing, he would have some 
idea of what was required to hold a helicopter hovering, in just exactly that position, 
over an extended period of time. 

Co-ordination of the controls in the heUcopter was no more difficult than on the 
fixed-wing aircraft and became automatic with practice, but there would always 
remain the concentration, which was a source of mental fatigue. This theory had 
been borne out in practice and agreed with the experience acquired in helicopter 
crop spraying, which was a particularly tiring form of flying. 

C. M. Britland (Royal Aircraft Establishment) Written contribution : Apart 
from the specialised and irregular uses of helicopters, such as crop-dusting, and looking 
at the possibilities for regular airline transport, they might learn much m>m studjring 
Masefield's recent " treatise.** Masefield was convinced that helicopters as they 
knew them now were of little value for this purpose when the block distance exceeded 
200 miles, both from the economic and effective speed points of view. If they accepted 
his analysis they should either design heUcopters specifically for such a short range or 
else overcome their fundamental handicap of low operating speed. 

The first alternative suggested to him that they should energetically develop the 
jet-propelled rotor principle, since it was at short-range that such a device had 
superiority over the present system. Even with present knowledge the evidence 
suggested that they could build a jet heUcopter which would hold its own economically 
with a reciprocating engine design over a stage length of about 150 miles, and they 
had not staned to conduct serious research on jet-rotor problems yet, whereas the 
reciprocating engine was almost at the peak of its development. Miany people were 
confident that the jet type would come out on top eventually and greater urge should 
be given to its successhil development, and they should not wait for the Americans to 
prove its practicability. But perhaps it would be wise in the early stages to see how 
much noise would be acceptable over the peaceful English countryside ! 

The second alternative, of removing the handicap of low operating speed, could 
only be solved by the convertible aircraft in which, after take-off, the rotors were 
tilted through 90"" to aa as low-rewing propellers while the aircraft was supponed 
by small highly-loaded wings. He realised the complexity of such a concept, but 
this must be weighed against its many advantages. It could be the fastest form of 
inter-city transport for all distances up to 1,000 miles, except for the jet-propelled 
air liner at the longer ranges and it could combine the simple terminal requirements 
of the helicopter with the operational flexibility of a propeller-driven aircraft. For 
the critical take-off and landing operations at night or in bad weather, a convertible 
had the inherent safety of the helicopter and should practically eliminate the stacking 
problem. Such a machine, if proved practicable, would eventually outmode the 
present-day helicopter. Would it not be wonh while, therefore, to examine the 
possibilities in detail at this early stage ? 

Major J. L. B. H. Cordes Founder Member. Written contribution : 
1. Captain Liptrot's paper. 

Although he agreed with the major and technical part of this paper he would like 
to discuss further certain points on piloting — particularly from an aeroplane pilot's 
point of view. Aeroplane pilots did not find helicopters difficult to fly because they 
were afraid of losing speed as it was only a matter of doing so at a different time of 
flight. Every time an aeroplane landed it had to lose flying speed before it could 
touch down. He thought it was the gradual change of behaviour of the controls, 
when merging forward flight to hovering, that the pilot found rather puzzling at 
first. In forward flight the stick and pedals handled very much as they did in an 
aeroplane, but when hovering their functions altered considerable. The pilot's 
first sensations were rather like those of " Alice " when her knitting needles turned 
into oars, and he became confused. The actual loss of speed at this stage of instruction 
would not worry the pilot as he had already been taught to hover. The pilot was not 
afraid of losing speed while hovering as he had none to lose, and in any case the 
controls were so different under hovering conditions that the pilot found he was 
learning something entirely new and aeroplane habits did not worry him. 

He had found that the comparison of the behaviour (not control) of an aeroplane 
to that of a helicopter was akin to a bicycle and that of a horse and there was no more 
difficulty in graduating from one to the other. The bicycle depended on its forward 
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speed for its equilibrium, and a change of heading for its change of direction ; whereas 
a horse (a nice one) could remain stable irrespective of speed, and would move forwards, 
sideways and backwards, and could even be persuaded to stay still, although attempts 
at hovering should be discouraged. The danger area too, to those on the ground, 
as with the helicopter, was in the vicinity of the tail. 

The claim had been made that, in comparison with the aeroplane, the helicopter 
could not be stalled. Surely a wing, whether fixed or rotating, was stalled when the 
angle of attack was increased to such an extent as to induce a breakdown of the air 
flow over the top surface, resulting in a loss of lift ? The action taken to prevent 
this with either type of aircraft was the same in effect ; in the case of the aeroplane the 
angle of attack was reduced by putting the nose down, and in that of the helicopter by 
reducing the pitch of the blades. There was this difference, however ; if the increase 
in the angle of attack were persisted in, the aeroplane would stall, and if there were 
sufficient height, recovery would be made even from an incipient spin. On the other 
hand, with the helicopter under the same conditions, even before the blades reached 
their fiill stall the mean lift was great enough to overcome the centrifugal force that 
kept the blades horizontal, leading to '* over-coning " and the collapse of the rotor — 
from which condition there was no recovery, ftxun whatever height, and the question 
of when the blades fiilly stalled was not even of academic interest to the occupants ! 

2. Safety. 

(a) Parachutes. It would be interesting to know what research had been, and was 
being, done to render the use of parachutes with a helicopter more feasible. 
There were certain conditions that could be visualised arising in flight, such as 
partial collision with another aircraft, a blade hitting a large bird, blade or hub 
failure, or, with Service aircraft, eifeas of hostile gimfire, where the use of 
parachutes would save life. Instructions to " jump clear in such a manner as 
to avoid the main rotor " were inadequate and, to his mind, a confession that a 
successful drill had not yet been evolved. The helicopter was flown more often 
than not, below ** parachute height " but on those occasions when it was flown 
high enough to justify the carriage of a parachute it would be nice to know that 
use could be made of it easily if anything sufficiently serious occurred. 

(b) Reliability. He would like to add every possible ounce of weight to the argu- 
ment for at least two engines for conmierdal helicopters. He thought that one 
of the foremost and essential dvil requirements of a helicopter was to be able to 
take short cuts with safety over built-up areas, rocky mountains, stormy seas or 
other unsuitable landing terrain. For this purpose it must be able to cruise at 
full load without losing height, on half its total engine power. It was also a 
requirement of the law pertaining to aircraft heavier-than-air. He would 
prefer the configuration of three engines with one rotor to three rotors with one 
engine. There was a practical comparison here with the aeroplane, where a 
tri-motored monoplane was obviously more reliable than a single-engined 
triplane. 

G. H. Cumbcrbatch Willins Member. Written contribution. The transition 
from slow or hovering flight imder power to autorotation with the minimiun possible 
loss of height, following a power unit or transmission failure, should be regarded as 
absolutely fimdamental to safety of operation. Had any tests been made to determine 
what proportion of the total height lost was needed for merely establishing " autogiro " 
flow pattern and a stable rate of rotation from the " helicopter '* state of operation ? 
It would appear that this was a fraaion of the height loss that must be accepted as 
inevitable, but it shoiild be possible, by means of lower disc loadings and longer 
travel undercarriages, to save in emergencies the whole of that part lost in building 
up forward speed for a safe landing. 

Mr. Hafner had stressed the need for a definition of the permitted level of vibra- 
tions to keep within an agreed threshold of comfort. This was important since 
prolonged subjeaion to certain types of vibration could be very injurious ; and it 
would be advisable to take advantage of the latest medical research on the subjea. 

The remarkable safety record of the Autogiro had been referred to several times 
during the course of the discussion. It was interesting to recall that during their 
first ten years of development and establishment, Senor de la Cierva*s Autogiros were 
flown in every part of the world by hundreds of pilots of all grades of experience, in 
schools, dubs, by private owners and on commercial operations without incurring a 
single fatal acddent ; a record that must be imique in the history of Aviation, and one 
that woidd b«ir comparison with any other form of transport. 
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THE AUTHORS' REPLIES TO THE DISCUSSION. 

Wing Commander Brie. 

The criticisms which he had made arose from a close association with, and 
experience of, so-called modem equipment. If they looked back a tittle and delved 
into the nature of that equipment, no doubt they would get on to firmer ground. 
In the first place the Sikorsky S.51 was of American ori^. Secondly it was a 
modified version of an aircraft conceived in 1942 for Service use, and soon after 
constructed in quantity under the st^ss of war conditions. Thus, although considered 
modem in the sense that it still had no more recent competitor, it was in fact much 
out-of-date compared with a completely re-designed version incorporating those 
obvious refinements resulting from '* know-how ** which could now be produced. 
It was remarkable that the S.51 was so good. 

On the other hand and despite the rapid advances made elsewhere in the rotary- 
wing art during the past ten years, it was only comparatively recently that in Great 
Britain the potentiahties of the helicopter had received anything tike sufficient official 
attention and support. It was all very well blaming the war for this state of affoirs, 
but in view of their pre-war achievements it ill behoved them to rely on such a flimsy 
excuse. Now somewhat tardily they had seen the tight, and there were heartening 
indications that an effort was being made to make up as speedily as possible some 
of the leeway lost. 

In this the B.E.A. Heticopter Unit was making a valuable contribution. The 
objeaive behind the acquisition of American equipment had been twofold. Firstly 
to ascertain the operational characteristics of the heticopter : whether, and in what 
manner, it could best be used : to study the economics of scheduled services : and 
to discover the problems, limitations, and difficulties. Secondly they wanted their 
effons to act as an incentive to the British Industry to produce something which 
could be used with satisfaction. British European Airways now had over twelve 
months' experience in handling the Sikorsky S.51, and although current proposals 
for 10, 20, and even bigger passenger-carrying heticopters were attractive to con- 
templete, there were advantages to be gained by not trying to run before they could 
walk. The British Helicopter Industry had yet to acquire that valuable background 
of design and constructional experience based on past achievement. For the time 
being it would be something to shout about if only someone in Great Britain could 
demonstrate a prototype capable of performing no less efficiently than the S.51. 
On the other hand the operator could not acquire the desired standard of basic 
knowledge and experience unless he had the goods to handle. So that his criticisms 
arose from the deficiencies which he and his colleagues in B.E.A. had found in the 
equipment they were using. He saw many opportunities in a meeting such as this 
of pulling themselves to pieces : in fact he recalled a fairly recent article in the 
Journal of the Institute of the Aeronautical Sciences showing how aeroplane interests 
got together and did exactly the same thing — but more so. They had competent 
technicians, engineers, and pilots, but it was up to the Industry to produce something 
worthwhile before expecting that additional encouragement in the shape of orders 
which normally followed solid achievement. 

The point made. by Group Captain Howard, who had asked why the British 
insurance companies should base their rates on what happened in America, was a 
good one. In B.E.A., in the course of twelve months' operation, they had not had 
to replace even a split pin as the result of an accident. That was a fact, and it was 
an achievement. Perhaps they had a better appreciation of the limitations of what 
they were handling. 

He did not think it was easy to fly a helicopter. He knew of no other aircraft 
which was so easy to fly as the C30 Autogiro. When he took the first prototype 
to Martlesham Heath for its Certificate of Airworthiness tests he had sent off three 
pilots without giving them any dual instruction ; but that could not be done with 
the helicopter. During the evolution of the helicopter some very desirable Autogiro 
characteristics had been lost, and they had to retrace their steps a little. 

With regard to the provision of landing sites in city centres, a point raised by 
Air Commodore Primrose, they must be careful not to put the cart before the horse. 
It was no use having the sites unless they had the aircraft. But he believed that 
Wcstland Aircraft and others were doing their best to fill the gap. 

What they wanted was not only a helicopter with acceptable flying and per- 
formance characteristics ; they wanted also the advantages resulting from the healthy 
stimulus of competition. He felt quite sure that then the economics of the problem 
would look after themselves. 

7i> The Jvurnul vj the lldicvpter 



Captain Liptrot. 

He agreed that what he and Wing Commander Brie has said in their papers 
was rather cx)loured by what they had at present. They were using the equipment 
that was available, and from their experience of it they were trying to point the way 
and were trying to help others to appreciate what was being done in Great Britain 
in developing the helicopter. The British designers and constructors were showing 
that they were giving good engineering in the British heUcopter. They were aiming 
at long life in the working parts, which meant low maintenance costs, and they were 
designing so that whole components could be taken out, repaired and replaced. Such 
factors showed that the British-designed helicopter was a sound engineering job ; 
and the designers and constructors at the meeting had answered most of the questions 
put to them in the papers. 

On the question of insurance rates in Great Britain, which appeared to be based 
on the accident rate in America, the accidents were not due to any intrinsic defects 
in the helicopter. So far as he was aware, in the whole development of the heUcopter 
only seven people had been killed. That was a very low figure, and the helicopter 
was the only means of transport which in its early years of use had such a good record. 
Also on the credit side was the fact that the helicopter, in the two or three years of 
its operation, had been instrumental in saving well over 100 people. 

They now had three heUcopters of British design. Helicopters coiild not take 
their proper place in aviation until somebody built them in numbers. By giving 
the constructors the incentive to get a production line going, they could give enormous 
help to the development of the helicopter. The mere fact of getting a production 
line running would put the machine on the market ; and once it got on the market, 
increasing numbers would be sold. When they reached that stage, down would 
come the price, and then it woiild become economical to the operator. 

Dr. Bennett. 

Mr. Yates had asked about the danger from engine failure at a height of less 
than 300 ft. ; he happened to be visiting the Sikorsli^ Company in America on an 
occasion when there was an engine failure in a helicopter while hovering at a height 
of about 50 ft., and at a time when it was thought that 50 ft. was an unsafe height at 
which to hover. It was demonstrated on that occasion that that height was perfectly 
safe ; the pilot had landed the machine and nothing much happened to it, except 
that the nose wheel was slightly damaged. There was no doubt that hovering at a 
greater height would be quite safe if the pilot took the proper action. It was advisable, 
however, not to rely entirely on the skill of the pilot and to incorporate the Gyrodyne 
features of low pitch, low rotor power and load disc loading. It was hoped eventually 
to ensure that a safe emergency landing could be made from any height by utilising 
the kinetic energy of the rotor before touch-down. 

Mr. Roberts had referred to alleged inconsistency, in that the helicopter was 
required to have a high cruising speed for certain purposes, but not for others. There 
was no inconsistency about that. He thought that the Gyrodyne principle of inde- 
pendent propulsion woiild, in the future, enable considerably higher cruising speeds 
to be attained and that the development of blade tip jets would result in an improved 
slow-speed performance. It was manifest that those features, far from being incom- 
patible, could be combined, and, as development work was now at an advanced stage, 
it would not be long before rotary wing aircraft showed a marked improvement at 
both ends of the speed range. 

He agreed with Mr. Williams that the present helicopter had too many moving 
parts. Simplification was needed, not only from the safety point of view, but to 
reduce maintenance costs. This was possible with the torqueless rotor which, with 
the absence of mechanical transmission, would enable rotary wing aircraft to be 
operated reliably and economically on scheduled airline services both in built-up 
areas and over water. 

In reply to Mr. Evans, helicopters which were required to hover for long periods 
should either have an adequate reserve of power or be confined to operations where 
an engine failure woiild not be dangerous. Gas turbines, which might have to be 
incorporated in future heUcopter designs simply for no other reason than that no 
suitable reciprocating engines would be available, offered certain advantages to the 
heUcopter designer, one of which was that the helicopter could be designed to climb 
away verticaUy even if one engine failed. 
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Mr. Hafner. 

The references to blind flying equipment brought him back to his question 
concerning the need for standardisation of controls. They could not get on with the 
design of helicopters if they did not know what was needed. His Company had 
built a number of mock-ups during the past few years which had been changed 
considerably from time to time, mainly because of the imcertainty as to what was 
needed. There was a definite need for an early agreement on standardisation. 

He sympathised with Mr. Tye's feelings about present-day helicopter configura- 
tions, but they should remember they had only just started on this new venture. 
There was consolation in the fact that in this instance at least they did not depend for 
safety on the maintenance of speeds of the order of 100 m.p.h. The latter was 
something really worthy of rebellion. He thought that the tandem rotor configuration 
contained a fair measure of features with soothing effects on engineer's instincts. 
It was symmetrical, had a small ^ntal area and would look not unlike a streamlined 
railway coach that had decided to take the air. 

He felt that the real solution to the stability of the heUcopter was essentially a 
simple one ; he did not think the solution would be a gadget, but that there would 
be a sort of anti-climax. There was obviously a need for stability in forward flight 
but when hovering, the pilot was concerned with accurate control and had to main- 
tain his position with regard to a point on the ground and, therefore, would not miss 
very much stability in tluit condition of flight. He felt that stability in forward flight 
would be obtained most easily by the conventional use of the tailplane. He hiad 
pointed out that within a certain speed range the Bristol 171 could be flown with 
hands off the controls. He hoped to be able to widen that speed range. 

As helicopter engineering was developing rapidly and becoming progressively 
complex, it was important to prepare for the education of the young people now, 
and to ensure that this education was thorough. 

The figures which Mr. Roberts had read in the graph on tip speed ratio as 
1, 2 and 3 were actually 0.1, 0.2 and 0.3. The faaor ^ did not refer to the deflection 

of the induced flow before the disc, but to the curvatiire (or the distribution) of induced 
velocity at the disc. ( was defined in Ref. 1. 

The technical developments of the helicopter and its groimd equipment were 
interdependent. Thus, for example, the size of a heUcopter and certain of its design 
details (i.e. undercarriage) were probably controlled by the rotor stations employed 
and vice versa. 

He could not agree with Wing Conunander Brie that in the interest of safety in 
emergency landings it was particularly desirable to keep the rotor disc loading below 
2 lb. per ft.*. 

It had been shown that the Bristol Type 171, notwithstanding the fact that its 
disc loading was over 2 A lb. per ft.*, had excellent landing characteristics. 

Dr. Bennett had stated " helicopters which are rough in operation at high pitch 
in forward flight are usually quite smooth at the same forward speed in auto-rotation." 
He was surprised to hear this because he was of the opinion that collective pitch 
(or A ) was not a major factor in rotor vibrations. He could point out that the vibration 
level of the Bristol 171 was very low throughout the entire flight envelope. It was 
independent of a , i.e. flying the aircraft in a flat glide and in low rotor pitch (which 
corresponded to the Gyrodyne condition of flight) was no better or worse than flying 
level or climbing. 

He had come to the conclusion that the important speed limiting factors of a 
rotor were : — 

Tip speed ratio 

Basic lift coefficient 

Mach number of the advancing blade tip 

Coning angle 
as could be seen from his paper. 

He thought the range of danger heights had now been reduced practically to 
nil. He did not think the automatic reduction of pitch in a power failure was 
desirable, he thought it was dangerous, especially at high speed and near the ground. 
There was no need for a hurried reduction of blade pitch in a power failure, 
except during hovering at night, when every pilot instinctively would be alert 
and ready for an emergency. 
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The landing run of the Bristol 171 was practically nil ; the forward speed was 
fully absorbed during the 10 seconds hovering prior to landing. Those auto-rotative 
landings were very comfortable ; and he joined with others who urged that they 
might now safely dismiss outmoded ideas on auto-rotative landings. 

In the design of the Bristol 171, great efforts were made to effect real simpli- 
fication of components, not merely in order to make the aircraft cheaper to buy, but 
to reduce maintenance costs and to increase safety. 

With regard to the auto-rotative landing shown in the graph, the glide, with the 
engine idling, began at about 5,000 ft. and at a height of 100 ft. the engine was switched 
off ; so that throughout the whole descent the rotor was not driven by the engine. 

He felt strongly that the helicopter might well supersede the fixed-wing aircraft 
for use on internal airlines. He did not agree with Mr. Masefield*s view that the 
helicopter woiild serve for journeys up to 200 miles only, beyond which the fixed-wing 
aircrart would take over, but thought that the helicopter would serve for journeys 
up to about 300 miles. 

Mr. Shapiro had suggested that the tandem rotor arrangement was only margin- 
ally better than the side-by-side arrangement and, therefore, inferior to the three 
rotor configurations. He, on the other hand, had found that the weight and drag 
of an out-rigger structure for side-by-side rotors were extremely high and, therefore, 
the tandem rotor configuration was by far the best one for large shaft-driven 
helicopters. 

Mr. Shapiro did not think the benefit of tip speeds beyond 550 ft. /sec. was 
large. That was true for the hovering rotor. Many people, however, had pointed out 
the need for a high cruising speed and this could not be achieved without a high 
blade tip speed. The best perrormance of the Bristol 171 was obtained at a tip speed 
of over 700 ft. /sec. and he thought this figure would increase as the art advanced. 

Mr. Shapiro. 

Mr. Tye was dissatisfied with the present state of knowledge on the subject of 
fatigue conditions in rotor blades. Long ago, Autogiro blades were designed on 
the scantiest information but the genius of the early workers Glauert, Loch and 
Cierva provided a basis for practical design. Studying subsequent investigations 
conduaed by the R.A.E., he had been struck by the experimental confirmation of 
a brilliant approach. Autogiros had been flying for thousands of hours without a 
single failure attributable to blade fatigue. To-day analytical methods had been 
refined and measurements confiraied existing analysis even more closely. 

There was no cause for lamentations in this field and he thought they knew as 
much of blade fatigue loads as they needed considering how little they knew of the 
behaviour of structures under prescribed fatigue loads. This shifted the emphasis 
to laboratory fatigue testing. But even there they could learn more if they heeded 
Sir Henry Tizard's and Mr. Rowe's advice on using existing knowledge. Some 
designs were amateurish and it was not surprising that failures had created the 
impression of lack of knowledge. Was this ignorance really necessary ? 

Mr. FiTzWiLLiAMS wanted talented volunteers from the ranks of aircraft engineers 
and many speakers seemed to want to go even further and breed a special race of 
helicopter designers. He disagreed : let them have errgineers, craftsmen of the bench, 
the board, the laboratory and the desk, thoroughly familiar with fundamentals. 
Helicopter design was far too specialised an an to be taught at colleges, which should 
avoid specialisation so far as possible. Engineering applications should mainly serve 
as examples which, to be truly instructive, must be good, time-tested examples. He 
could not think of a worse example than the present-day helicopter. 

Specialisation in helicopter design required a co-ordination and maturity of 
knowledge which could only be achieved in practice and through practice, unless 
they wanted young men capable of indiilging in large scale scheming but incapable 
of attending to detail. 

If specialisation were necessary let it be directed to types of activity rather than 
particular application. There was a case for vibration engineers, gear engineers and 
the like. He would like to create the profession of *' stress physicist ** and perhaps 
" fatigue engineer." 

Helicopter design was a field wherein it was essential to discourage idle speculation 
by constantly keeping in mind the supreme question : how much? Opinions not 
expressible in quantitative terms were often worthless. Not only did the helicopter 
share with all aircraft the three-dimensional limitation due to its weight sensitivity, 
but it filled an intermediate gap in communications threatened on both sides by 
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